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ABSTRACT
We present the results of a search for short-period variable stars in Leo A.
We have found 92 candidate variables, including eight candidate RR Lyrae stars.
From the RR Lyraes, we measure a distance modulus of (m−M)0 = 24.51±0.12,
or 0.80± 0.04 Mpc. This discovery of RR Lyraes confirms, for the first time, the
presence of an ancient (>∼ 11 Gyr) population in Leo A accounting for at least
0.1% of the galaxy’s V luminosity. We have also discovered a halo of old (>∼ 2
Gyr) stars surrounding Leo A, with a scale length roughly 50% larger than that
of the dominant young population.
We also report the discovery of a large population of Cepheids in Leo A. The
median absolute magnitude of our Cepheid sample is MV = −1.1, fainter than
96% of SMC and 99% of LMC Cepheids. Their periods are also unusual, with
three Cepheids that are deduced to be pulsating in the fundamental mode having
periods of under 1 day. Upon examination, these characteristics of the Leo A
Cepheid population appear to be a natural extension of the classical Cepheid
period-luminosity relations to low metallicity, rather than being indicative of a
large population of “anomalous” Cepheids. We demonstrate that the periods
and luminosities are consistent with the expected values of low-metallicity blue
helium-burning stars (BHeBs), which populate the instability strip at lower lu-
minosities than do higher-metallicity BHeBs.
Subject headings: galaxies: individual (Leo A) – Local Group – stars: variables
1. Introduction
The Local Group dwarf irregular galaxy Leo A has been a source of considerable contro-
versy, regarding both its distance and stellar content (van den Bergh 2000). Discovered by
Zwicky (1942), its first distance was determined by Demers et al. (1984) from photographic
1NOAO is operated by the Association of Universities for Research in Astronomy, Inc. (AURA) under
cooperative agreement with the National Science Foundation. The WIYN Observatory is a joint facility of the
University of Wisconsin-Madison, Indiana University, Yale University, and the National Optical Astronomy
Observatories.
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photometry. They found an unusual CMD, apparently containing no normal supergiants
(blue or red). A large number of very blue (B − V ∼ −0.4) stars were observed; these
were interpreted as 60 − 120M⊙ main sequence stars and thus evidence of very recent star
formation. No red supergiants were observed. They used the three brightest blue stars to
derive a distance of (m−M)0 = 26.8± 0.4.
A later photographic study by Sandage (1986) found significant discrepancies between
the two photometry sets, strongly nonlinear (especially in B) in the sense that the photom-
etry of Demers et al. (1984) was fainter than that of Sandage (1986) for bright stars and
brighter for faint stars. Sandage (1986) thus found a “normal” CMD, with both red and
blue supergiants falling in locations similar to those of other dwarf irregular galaxies. He
therefore was able to use both the brightest three red star and the brightest three blue star
methods to determine a distance modulus of (m−M)0 = 26± 1.
The photometric distance determinations were confirmed by Hoessel et al. (1994), who
determined a value of (m−M)0 = 26.74±0.22 based on four Cepheids. Tolstoy (1996) then
used their photometric data and distance to make the first stellar population analysis of Leo
A. Modeling the strong blue and red plumes in the CMD as blue and red supergiants, she
concluded that Leo A has no very young stars and is apparently in a period of diminished
star formation.
This picture of Leo A’s distance and stellar content came into question with the HST-
based study of Tolstoy et al. (1998). With these data, it became clear that what had been
interpreted by Tolstoy (1996) as a red supergiant sequence was actually a very narrow red
giant branch, and that the broadening at its base was a vertically-extended red clump. The
distance modulus was therefore revised to (m−M)0 = 24.2± 0.2, making Leo A’s brightest
supergiants and Cepheids two magnitudes fainter than had previously been believed. The
explanation for the error in the brightest supergiant distance is straightforward. For dwarf
galaxies, the luminosity of the brightest star is limited by the stellar IMF and small number
statistics rather than stellar astrophysics (Rozanski & Rowan-Robinson 1994). Thus, while
two giant galaxies can be reasonably expected to have similar brightest supergiants, this is
not true of dwarfs, in which the same supergiants could be interpreted as a small nearby
system or as a large distant system with equal validity. This degeneracy was recognized by
Sandage (1986), and was the reason for his 1 magnitude uncertainty.
However, the results of Hoessel et al. (1994) have remained a puzzle. Even with the
shorter distance, there is no doubt that Leo A contains a large amount of recent star for-
mation, and therefore should contain a significant Cepheid population. As noted by Tolstoy
et al. (1998), only one of the periodic variables found by Hoessel et al. (1994) falls on the
Cepheid period-luminosity (P-L) relation for the shorter distance. The implication of these
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findings was therefore that Leo A is an unusual system – one containing a significant amount
of young stars and possibly an entirely-young system (Tolstoy et al. 1998), but apparently
without Cepheids.
By bringing the galaxy a factor of three closer, the blue supergiants previously assumed
to be rather young were made older, thus producing the interpretation that most of Leo
A’s stars were formed 0.9 − 1.5 Gyr ago, with a much smaller amount at more recent ages
and perhaps none at older ages. The conclusion of Tolstoy et al. (1998) that any ancient
population is very weak or perhaps non-existent was based on the relative weakness of the
red giant branch, when compared with the red clump. However, they noted that studies of
Leo A main sequence turnoff stars or RR Lyrae stars would be needed in order to definitively
establish the existence or lack of an ancient population. With a distance of less than 1 Mpc,
it is now feasible to search for RR Lyraes with ground-based telescopes.
The present work is a new study of variable stars in Leo A. Our observations, photom-
etry, and variable star search is described in Sections 2 and 3. Our variable star results are
discussed in Sections 4 and 5, while a stellar population gradient is examined in Section 6.
Section 7 contains the summary.
2. Observations and Reduction
Observations of Leo A were obtained at the WIYN 3.5m telescope on the nights of
20−22 December 2000, using the MIMO camera (described by Saha et al. (2000)). Our
observations are summarized in Table 1. The MIMO camera contains two 2k×4k chips,
separated by 10 arcsec. Because of its size, shape, and orientation, Leo A fit completely on
chip 2, allowing us to “hide” a bright star in the gap between the chips and obtain a halo
field on chip 1. A deep V image is shown in Figure 1. Because of scheduling limitations,
Leo A rose during the middle of the night, restricting our observing to a 6.5 hour window
between its rise and morning twilight.
As indicated in Table 1, we had sub-arcsecond seeing for the entire run, with seeing as
good as 0.5− 0.6 arcsec (excellent image quality is typical at WIYN). This was was critical
for our project, both in terms of reducing blending and reducing the effective background
level. As the RR Lyraes were near the limits of our photometry, they could not have been
detected with significantly worse seeing.
To ensure a robust final result, the data were processed completely independently by
two groups. AED used his own package, an adaptation of HSTphot (Dolphin 2000a), which
includes image processing as well as photometry programs. The reduction algorithms were
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similar to that implemented in IRAF, but include a more accurate overscan correction al-
gorithm and an algorithm to mask pixels affected by crosstalk between MIMO’s amplifiers.
Deep frames in V and R were created by aligning all images for the filter (23 V , 5 R) to the
nearest pixel and coadding. Photometry was determined for the deep frames, with the result-
ing star list used as a template (after determining appropriate coordinate transformations)
for each of the individual epochs. By restricting the star positions, we obtain more accurate
photometry in the individual epochs, as each star has only one free parameter (brightness)
instead of three (X, Y, and brightness).
JC and AS made a parallel reduction using IRAF and photometry using DoPHOT
(Schechter, Mateo, & Saha 1993). In this reduction, the images were adjusted prior to
IRAF reduction, correcting for overscan and crosstalk using an IDL routine written by AS.
The normal IRAF procedure was then used to reduce the data. The DoPHOT photometry
consisted of two passes, similar in concept to that made by AED. In the first pass, each
individual-epoch image was photometered, along with the deep frames. Coordinate trans-
formations were made between the deep and individual star lists, and photometry was re-run
on the individual frames. A comparison between our deep photometry of Chip 2 is shown in
Figure 2; there are no obvious inconsistencies between the two reductions.
Because only one of the three nights was photometric, we could not make independent
photometric solutions for each night. Instead, we observed two standard fields – SA 92
(Landolt 1992) and NGC 2419 (Stetson 2000) – and used Leo A observations at similar
airmass (n2086 and n2083; see Table 1) to define secondary standards in our Leo A field.
Unfortunately, we did not observe SA 92 in R, and the Stetson (2000) R standards in NGC
2419 only cover the region north of NGC 2419 (corresponding to chip 1 on our images). Thus
we were forced to use the chip 1 R transformation for chip 2 also, under the assumption that
the color term of the R-band transformation is the same in the two chips. Data for other
WIYN+MIMO studies has shown this to be nearly true; we increase our R error bars by 0.02
magnitudes to account for this source of uncertainty. The resulting photometric calibration
is accurate to ±0.02 magnitudes in V and ±0.04 magnitudes in R.
Using our secondary standards within the Leo A images, we calibrated both photometry
sets by forcing the mean difference between the calibrated and PSF-fit magnitudes of all
secondary standards to be zero. This resulted in a large photometric database consisting
of the deep positions and magnitudes of all stars, as well as the magnitudes determined for
each epoch.
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3. Variable Star Identification
Variable stars were identified according to the procedure described by Dolphin et al.
(2001b), except that only the V observations were used for locating variables. Because of
smaller error bars in the photometry, we adopted AED’s PSF-fitting photometry as our
primary measurement. We believe that the smaller errors in AED’s photometry resulted
because his PSF formulation (an analytical function plus a residual image) permitted a
more accurate modeling of the oddly-shaped PSFs (due to tracking errors) found in our
data than does the DoPHOT PSF formaultion (analytical function only). The measured
magnitudes were nearly identical in the two reductions as noted above; however the smaller
(and more accurate) error bars were necessary to accurately identify variable stars.
For a star to be classified as a variable star, it had to meet a strict set of criteria.
The first criterion was that the PSF-fitting photometry had to detect and classify it as a
well-fit star in the deep V frame. We define “well-fit” to mean that the χ2 of the fit had
to be 4.0 or less, the sharpness had to be between −0.25 and 0.25 (a sharpness of zero is a
perfect star), and the signal-to-noise ratio had to be 5.0 or more. Additionally, the star had
to be well-photometered in at least 12 of the 23 V epochs and at least one R epoch, and
contamination from bright neighbors had to contribute no more than 20% of the star’s light
within a PSF-sized aperture.
Stars that met these criteria had to pass additional variability tests. First, to eliminate
non-variable stars, we required that the reduced χ2 of the V observations was 2.0 or greater
and the standard deviation of the V measurements was at least 0.14 magnitudes. The
first criterion eliminates stars that appear variable because their measurements have large
uncertainties; the second eliminates stars where small systematic errors in the measurements
could cause false detections. Additionally, in case a star was spuriously flagged because of
one or two bad points, we eliminated 1/3 of the points contributing the most to χ2 and
required that this “robust” χ2 value was 0.5 or more.
Our final automatic variability test for periodicitiy and was made using the Lafler-
Kinman (Lafler & Kinman 1965) Θ statistic as implemented by (Saha & Hoessel 1990). For
a variety of trial periods, the value Θ(p) was calculated using
Θ(p) =
∑N
i=1(Vi − Vi+1)2∑N
i=1(Vi − V )2
, (1)
where N is the number of epochs in which the star was observed, Vi is the V magnitude at
epoch i, and V is the mean V magnitude. For uncorrelated data, Θ will be ≈ 2, since the
typical difference between any two data points would be
√
2 times the standard deviation
(the denominator). However, if the data are periodic and the correct trial period is used, Vi
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and Vi+1 will be correlated, thus reducing Θ. We required Θ ≤ 1.0.
Finally, we visually examined the image and light curves of each star, eliminating any
candidate variables that either appeared non-stellar or non-periodic.
We found three additional variable stars from the DoPHOT photometry that were not
recovered in our initial variable star search. (C2-V09 had σV = 0.13, C2-V30 had χ2 = 4.4
in the photometry, C2-V57 had σV = 0.12.) After visual inspection, these three stars were
added to our list of variables. In all, we found 92 variable stars, of which 82 have very good
light curves.
Our list of variable stars is presented in Table 3, finding charts in Figure 3, and light
curves in Figure 4. The values given in Table 3 are the variable star ID, chip and position
(the FITS file from which the positions are taken will be published in the electronic AJ),
period-averaged V and R magnitudes (Dolphin et al. 2001b), period, and light curve quality
on a scale of 0 being the worst to 4 being the best (Dolphin et al. 2001b). We note that
our relatively short observing window created a large number of stars with possibly-aliased
periods; these are indicated in Table 3 and Figure 4 by the same star ID being shown with
multiple periods.
Only one of our variable stars (our C2-V25 = their V10) is in common with the list
of Hoessel et al. (1994), albeit with a period of 1.4 days instead of 13 days. Three of their
other variables (V7, V9, and V13) are also clearly variable in our data. However, none of
the three passed our PSF fit cut of χ2 ≤ 4.0 (all were more extended than a typical star and
thus are likely blends), so these three were excluded from our list. Of their other objects,
their V3 appears to be a galaxy in our images and V8 is also clearly elongated, thus being
rejected as non-stellar objects by our photometry. We see no sign of variability for the
majority of their variables (V1, V2, V4, V5, V6, V11, V12, and V14); this is undoubtedly
because of the sampling difference – they had a baseline of a decade but only one pair of
observations separated by less than 1 day, while we had a baseline of only 2.25 days but
frequent observations during that period. We note that the periods they determined for V2
(1.76 days), V11 (2.01 days), and V12 (0.51 days) are inconsistent with our data; we should
have seen such variability during our 2.25 day baseline. These period inconsistencies can be
attributed to their poor sampling of time scales of a few days. These concerns were raised
in a later paper by the same authors (Saha et al. 1996), who noted the possibility that some
of their Leo A Cepheids were long-period red variables.
A color-magnitude diagram showing our variable stars is given in Figure 5, with the
variable stars marked as circles (size representing the light curve quality). We emphasize that
colors and magnitudes were not used to determine our sample; the restriction of variable stars
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into two populations on the CMD is therefore real and not a selection effect. We interpret the
brighter population (shown as open circles) as classical Cepheids and the fainter population
(shown as solid circles) as RR Lyraes.
4. RR Lyraes
Our primary goal in this project was a search for RR Lyraes. Eight candidates were
found. An expanded CMD detailing this region is shown in Figure 6. Two of these (C1-V03
and C1-V07) have extremely clean light curves, no period aliasing, were well-photometered
and isolated from any source of potential contamination, and have colors that place them in
the instability strip. We therefore claim that these are bona fide RR Lyraes. C1-V03 has a
period and light curve shape (rapid rise, slow descent) that make it appear to be an RRab.
C1-V07 has a shorter period and longer ascent time, making it appear to be an RRc.
A third (C2-V79) is another good candidate. Its red color appears to be the result of a
bad point in R as well as phase coverage; eliminating the point moves the star bluer by 0.3
magnitudes and accounting for the fact that it was observed in R only near maximum moves
it bluer by an additional 0.2 magnitudes. We cannot make a type classification from its light
curve, as it was not observed while ascending. However, its long period would make it an
RRab. Finally, C2-V66 also appears to very likely be an RR Lyrae; its having two possible
periods lowered it to a quality rating of 2 and makes a classification impossible. As with
C2-V79, it was only observed in R near maximum and is thus bluer than its listed color.
We are less certain of the nature of the other four candidates. C1-V01 has a period that
seems too short to be an RR Lyrae (though it could be an RRd). C2-V33 does not have
the light curve shape one would expect to see at that period, perhaps indicating that it is
an anomalous Cepheid rather than an RR Lyrae. C2-V56 fits an RRc template light curve
reasonably well at the period of 0.40 days, but a few points fall well off that template. (Its
red color is caused by poor phase coverage; it is likely 0.15− 0.2 magnitudes bluer than our
measured color of V − R = 0.42.) Finally, C2-V80 is our faintest candidate and thus has
large error bars that prohibit a definitive classification.
Weighting by the light curve qualities of all eight candidate RR Lyraes, we measure a
mean magnitude of 〈V 〉 = 25.11± 0.06, where the quoted uncertainty is the uncertainty in
the mean. Using only the four best RR Lyraes, we find 〈V 〉 = 25.08 ± 0.05. Finally, the
two bona fide RR Lyraes produce a mean magnitude of 〈V 〉 = 25.10 ± 0.09. We adopt the
final value, which is the most conservative of the values. The DoPHOT magnitudes are not
significantly different from these values. Given that our completeness reached well beyond
– 9 –
the RR Lyraes (V ∼ 25) in the halo of Leo A (where all eight candidates are located), we
find it unlikely that our calculated mean magnitude is biased.
In order to determine the distance, we adopt the RR Lyrae absolute magnitude calibra-
tion of Carretta et al. (2000):
MV = (0.18± 0.09)([Fe/H] + 1.5) + (0.57± 0.07). (2)
We choose this calibration largely because its zero point is nearly identical to what we
measured in IC 1613 (MV = 0.61± 0.08 at [M/H] = −1.3± 0.2); see Dolphin et al. (2001b)
for a more detailed discussion of the various RR Lyrae zero point values. As is demonstrated
below, the slope of the relation is irrelevant to this discussion.
Since no spectroscopy exists for stars in Leo A, the metallicity of Leo A RR Lyraes is
very uncertain. We can attempt to estimate this value with two methods. First, we can
fit the WFPC2 data of Tolstoy et al. (1998) to the theoretical isochrones of Girardi et al.
(2000), assuming an age of 10 − 15 Gyr. We find that the RGB color can be fit with a
metallicity of [M/H] = −1.8 ± 0.3. The advantage of this determination is that it is based
on old stars; the disadvantage is that metallicities measured by broadband photometry are
less accurate than those determined spectroscopically.
An additional constraint is given by the present-day metallicity, as measured by HII
region spectra ([O/H] = −1.5 ± 0.2; van Zee et al. 1999). Adopting an [O/Fe] ratio,
we can use this as an upper limit to the metallicity of the RR Lyraes in Leo A. While
older stars in our galaxy (halo and globular cluster stars) at the metallicity of Leo A show
α element enhancements of ∼ 0.4 dex and those in the Draco, Ursa Minor, and Sextans
dSph galaxies show enhancements of ∼ 0.3 dex (Shetrone, Coˆte´, & Sargent 2001), these
enhancements are not seen in the young populations of other metal poor dwarf irregular
galaxies, such as the SMC Venn (1999) and NGC 6822 Venn et al. (2001). Thus we adopt an
α element enhancement of [O/Fe] = 0.2± 0.2 dex, which results in a present-day metallicity
of [M/H] = −1.7± 0.3.
We believe the spectroscopic determination to be more accurate (given uncertainties in
the isochrones), and thus adopt the value of [Fe/H] = −1.7±0.3, which results in an RR Lyrae
absolute magnitude of MV = 0.53 ± 0.08. Adopting an extinction of AV = 0.06 (Schlegel,
Finkbeiner, & Davis 1998), we measure a true distance modulus of (m−M)0 = 24.51±0.12,
corresponding to a distance of 0.80 ± 0.04 Mpc. Because the metallicity is very close to
[Fe/H] = −1.5, the assumed slope in the RR Lyrae absolute magnitude calibration has
little effect on the distance. Adopting a steeper slope slope of 0.30 magnitudes per dex
(Sandage 1993), for example, would only increase the distance modulus by 0.02 magnitudes;
adding this difference in quadrature to our 0.12 magnitude uncertainty does not increase the
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uncertainty.
Our preferred distance is a factor of three smaller than that of (m − M)0 = 26.74
measured by Hoessel et al. (1994), but consistent with that of (m − M)0 = 24.5 ± 0.2
determined from the RGB tip by Tolstoy et al. (1998). (They were unsure as to whether
or not a population older than 1.5 Gyr existed in Leo A, leading them to base their final
distance of (m −M)0 = 24.2 ± 0.2 largely on the blue loop and red clump positions than
on that of the RGB tip, which is not a standard candle at ages younger than ∼ 2 Gyr.)
We also note that their “young RC” distance of (m − M)0 = 24.2 ± 0.2 is based on an
assumed red clump absolute magnitude of MI ≃ −0.4; the semi-empirical (and thus less
model-dependent) technique described by Dolphin et al. (2001b) produces a more accurate
absolute magnitude of MI = −0.67 ± 0.1 for the metallicity and age assumed by Tolstoy
et al. (1998), thus increasing their red clump distance by ∼ 0.3 magnitudes and making it
consistent with the other distances. This 15% change in the Leo A distance could significantly
alter the star formation history they determined; that problem should thus be revisited in
light of our revised distance.
We note the possibility that the stars we are detecting are anomalous Cepheids rather
than RR Lyraes. We believe this to not be the case for several reasons. As anomalous
Cepheids tend to be ∼ 0.5 magnitudes brighter than RR Lyraes, this would push the Leo A
distance to (m −M)0 = 25.0 and would be inconsistent with the RGB tip and red clump
distances quoted above. Additionally, we do see short-period variables, discussed in the
following section, which are about half a magnitude brighter than the RR Lyraes.
With the discovery of RR Lyrae stars in Leo A, we have definitively located a population
of “ancient” (>∼ 11 Gyr; Walker 1989) stars in Leo A, a galaxy previously considered a
potential candidate for a delayed onset of star formation (Tolstoy et al. 1998). A quantitative
estimate of the extent of this population is extremely difficult to determine because of the
completeness of our RR Lyrae survey, which is zero inside the region where young stars are
present. Scaling from the relatively uncrowded chip 1, we estimate a total of ∼ 50 RR Lyraes
in the entire galaxy, with a 1σ lower limit of ∼ 10. Adopting M5’s well-populated horizontal
branch (Reid 1996) and its 65 known RR Lyraes (Kaluzny et al. 2000) as being typical
of an ancient population, we estimate that such an M5-like population would account for
0.1%−1% of Leo A’s V luminosity. Instead using a globular cluster with proportionally fewer
RR Lyraes (such as M13), the ancient population could be larger by an order of magnitude or
more; we thus quote only a value of 0.1% as the lower limit of the contribution. Because of the
large uncertainties in this calculation, an accurate quantification of the ancient population
would require photometry reaching the ancient main sequence turnoffs (MV ∼ +4).
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5. Short Period Cepheids
Although the primary goal of our project was the detection of RR Lyraes in Leo A, our
2-day baseline made us sensitive to any variable star with a period of 2 days or less. It was
perhaps surprising, given the lack of previously-known Cepheids in Leo A, that 91% of our
detected variable stars (84 out of 92) are brighter than V = 24.5, fall in or near the instability
strip, and therefore apparently Cepheids. Figure 7 shows our CMD, expanded around the
area of the instability strip; small dots represent all stars, while the circles represent our
variables. The sizes of the circles indicate the light curve quality. Note that the majority
of objects lie near the intersection of the blue loop with the instability strip. Variables
with ambiguous periods, as well as those with quality ratings of 2 or lower (Dolphin et al.
2001b), are omitted, leaving 66 Cepheids with accurately-measured periods and excellent
light curves. We plot the P-L diagram of these variables in Figure 8.
Because of the change in the P-L relation slope at a period of 2 days (Bauer et al. 1999),
we had to calculate P-L relations for short-period Cepheids like those seen in Leo A instead
of using the published relations of Madore & Freedman (1991) or Udalski et al. (1999a). To
do this, we selected objects with periods of 2 days or less from the OGLE SMC Cepheid
database (Udalski et al. 1999b) and fit the following relations for fundamental-mode and
first-overtone pulsators:
MV (FM) = −3.14 log(P )− 1.04 (3)
and
MV (FO) = −3.39 log(P )− 1.73. (4)
Using the distance modulus of (m−M)0 = 24.51± 0.12 determined in Paper I from the RR
Lyraes, we plot the P-L relations as solid lines on Figure 8.
Since we have insufficient phase coverage to attempt Fourier decomposition, we must
classify Cepheids based simply on their positions in the P-L diagram. From Figure 8, we
classify 19 of our 66 Cepheids as fundamental-mode, 38 as first-overtone, and 2 as second-
overtone. The remaining 7 Cepheids fall between the relations, and thus cannot be defini-
tively classified.
Of particular interest are three fundamental-mode Cepheids with periods of less than
1 day: C1-V08, C2-V49, and C2-V77. With periods of ∼ 0.8 days, these objects fall in the
period regime generally populated by RR Lyraes and overtone-pulsating Cepheids. That
these objects are not RR Lyraes is clear from the fact that they are ∼ 1.4 magnitudes
brighter than the RR Lyraes discovered in Paper I. The likelihood of their being overtone-
pulsating Cepheids is also small, given that they fall 0.6 magnitudes below the overtone P-L
relation in Figure 8 but only 0.06 magnitudes away from an extrapolation of the fundamental-
– 12 –
mode relation. Thus we conclude that these objects are fundamental-mode Cepheids, despite
having periods similar to those of RR Lyraes.
There is some ambiguity as to whether these objects should be classified as classical
or anomalous Cepheids, as the anomalous Cepheid P-L relations of Nemec, Nemec, & Lutz
(1994) are very similar to those given above. Adjusting their M15 distance to (m −M)0 =
15.23 (Reid 1999), their relations become:
MV (fundamental) = −3.13 log(P )− 0.99 (5)
and
MV (overtone) = −3.13 log(P )− 1.54. (6)
The fundamental-mode relations are clearly the same; the overtone relations are also con-
sistent in the period range of Nemec, Nemec, & Lutz (1994) once the slope differences are
accounted for. To further confuse matters, there is an overlap in period between the SMC
classical Cepheids of Udalski et al. (1999b) and the anomalous Cepheids of Nemec, Nemec,
& Lutz (1994). Thus no clear distinction between these two classes of objects appears to
exist in terms of position in a P-L relation. For the sake of clarity, we will define “classical”
Cepheids as population I (young) stars, and “anomalous” Cepheids as population II (old)
stars.
5.1. The Period-Luminosity Relations
A brief review of the origin of the P-L relations may help explain this apparent contra-
diction of finding Cepheids with periods normally associated with RR Lyraes. What follows
is only a back-of-the-envelope calculation, but is sufficiently accurate to demonstrate the
nature of these objects. The pulsation period (P ) is related to the mean density (ρ) as
follows:
P ∝ ρ−1/2. (7)
We can use the definition of density (ρ ∝ M
R3
) and effective temperature (T 4 ∝ L/R2) to
rewrite equation 7 as
P ∝ L
3/4
M1/2T 3eff
. (8)
Since effective temperature as a function of luminosity is constrained to a small range within
the instability strip, the pulsation period is essentially a function of luminosity and mass.
For evolving population I stars, evolutionary motion is approximately horizontal in the
H-R diagram. Therefore the main sequence mass-luminosity relation (L/L⊙ ≈ (M/M⊙)3.5)
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is roughly true also for pulsating variables, reducing equation 8 to
P = C
(L/L⊙)
0.61
T 3eff
, (9)
where C is a constant. Incorporating the dependence of Teff on L within the instability
strip, one obtains the well-known Cepheid P-L relation.
This relation does not hold true for population II stars, however, which become sig-
nificantly brighter after leaving the main sequence and arrive at the horizontal branch
(MV ≈ +0.6, or L ≈ 50L⊙) with a mass of only ≈ 0.6M⊙. With the mass thus fixed,
the period should be given by:
P = 1.29C
(L/L⊙)
0.75
T 3eff
, (10)
where C is the same constant as in equation 9.
We note that this population II P-L relation has a very similar slope to the population I
P-L relation given in 9, a feature observed by Baade & Swope (1963) in their observations of
M31. Using equations 9 and 10, we predict that a pop II variable with L = 104L⊙ (a typical
luminosity of Baade’s pop II variables) will have a period ∼ 5 times that of a pop I variable
of the same luminosity. This corresponds to a difference of ∆ logP of ∼ 0.7, consistent with
the value of 0.8 measured by Baade & Swope (1963).
More pertinent to our discussion of Leo A, one can use these equations to determine
the expected luminosity of a classical Cepheid with the same period of an RR Lyrae. For a
population I and a population II variable with the same period and effective temperature,
we find
(LCeph/L⊙)
0.61 = 1.29(LRR/L⊙)
0.75 = 24. (11)
Using the mass and luminosity given above for the RR Lyrae and the main sequence mass-
luminosity relation for the Cepheid, we find LCeph ≈ 190L⊙, meaning that an RR Lyrae
will be ∼ 1.45 magnitudes fainter than a Cepheid of equal period and luminosity. Even
though the above calculations are rough approximations, it is interesting to note that this is
almost exactly the magnitude difference observed in our data between the three variables in
question (〈VCeph〉 = 23.74), which we have inferred to be fundamental-mode pulsators, and
our RR Lyraes (〈VRR〉 = 25.11).
5.2. Metallicity Effects on the Cepheid Population
While we have demonstrated that fundamental-mode Cepheids can be found with the
period and absolute magnitude claimed, it is somewhat disturbing that a population of
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such objects has not previously been observed. The Cepheid P-L relations of Udalski et al.
(1999a) show LMC Cepheids reaching MV ≈ −2.6 in large numbers, and SMC Cepheids
reaching MV ≈ −1.4. Likewise, IC 1613 (a dwarf slightly more metal-poor than the SMC)
shows Cepheids reaching MV = −1.3 (Dolphin et al. 2001a). First-overtone pulsators fall
off at about the same absolute magnitudes in each of those data sets; however we observe
significant numbers of both classes of Leo A Cepheids down to MV = −0.8. In fact, the
median V magnitude of the Cepheids in our sample is MV = −1.1, which is fainter than
95.5% of the OGLE SMC Cepheids and 98.9% of their LMC Cepheids. Note that this is
not a completeness problem with the OGLE observations. Their survey of the SMC shows a
completeness (estimated from artificial star counts) of roughly 96% at I = 19.5 (MI ≈ +0.6)
for their lower-density fields and above 80% for their densest field (Udalski et al. 1998).
Comparison of stars in overlapping regions of their survey shows an overall 94% completeness
in their Cepheid catalog (Udalski et al. 1999b). Due to its smaller distance, the OGLE LMC
catalog should be even less prone to completeness problems. This is conceivably a selection
effect in our Leo A data; however, if a significant number of longer-period Cepheids were
present, they would have been found by Hoessel et al. (1994).
In addition to the low luminosities, another surprise was the large number of Cepheids
recovered in Leo A. With a luminosity 1.5% that of the SMC, one would expect the 2083
OGLE Cepheids to scale to ∼ 30. Instead, we find three times that number.
The solutions to both of these dilemmas rest in metallicity dependency of the blue loop
position on the CMD. Synthetic CMDs for a variety of metallicities, calculated using the
Girardi et al. (2000) isochrones using constant star formation rates from 0 to 15 Gyr ago,
are shown in Figure 9. At solar metallicity, blue helium-burning stars (BHeBs) remain to
the blue of the instability strip at magnitudes of MV < −4. This can be seen in the top left
panel of Figure 9, where no stars fall in the instability strip. At lower metallicity, however,
BHeBs become increasingly blue.
The effect of this metallicity dependence is twofold. First, at lower metallicities, the
intersection of the blue loop with the instability strip falls at fainter magnitudes. This is
apparent in Figure 9; the absolute magnitude is MV = −1.8 at Z=0.004, MV = −0.9 at
Z=0.001, and MV = −0.4 at Z=0.0004. Secondly, because the blue loops are more strongly
populated at fainter absolute magnitudes (a result of evolutionary timescales and the stellar
IMF), more stars will fall within the instability strip for a low-metallicity system than for a
high-metallicity system with equal star formation rates.
The presence of short-period Cepheids in young, low-metallicity populations is not a
new discovery. For example, the theoretical models of Bono et al. (1997) show this effect.
However, we note that such objects are ordinary post-main sequence population I stars and
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thus are properly classified as classical Cepheids and not as anomalous Cepheids.
5.3. Star Formation History from the Cepheid Population
A nagging question in our new variable star search is to explain the unsuccessful search
of Hoessel et al. (1994). Despite an 11-year baseline and observations spaced as close as
1 day apart, they failed to conclusively identify any Cepheids. In contrast, we report the
discovery of 84 Cepheid candidates based on three nights of data.
It is clear that Hoessel et al. (1994) would have not been sensitive to the many ∼ 1
day Cepheids that we find in abundance due to the BHeBs. However, the population of the
instability strip is nonzero at magnitudes brighter than MV = −2.3. Figure 10 shows a more
strongly-populated synthetic CMD, with a constant star formation rate from 0 to 1 Gyr ago
and a metallicity of Z=0.0004; stars are present in the instability strip up to the top of the
CMD.
While it is possible that the lack of bright Cepheids may result from a recent decrease
in the star formation rate, we do not find this to be essential. Of the 5405 stars inside the
instability strip of Figure 10, only 75 have absolute magnitudes brighter than MV = −2.5
(corresponding to P > 3d). Scaling to the number of observed Cepheids in Leo A (84),
we would expect only ∼ 1.2 bright (long-period) Cepheids in Leo A because of both the
stellar IMF and evolutionary timescales. This is also seen in our CMD, which shows no clear
evidence of stars brighter than V = 22 in the instability strip, although foreground contam-
ination prohibits a definitive measurement. Thus we find no evidence of an unusual star
formation rate. The recent (< 100 Myr) star formation rate can not have been significantly
higher than at older ages (∼ 650 Myr), in which case we would expect to see significant
numbers of bright Cepheids, but Cepheid statistics provide no lower limit on the recent star
formation rate.
This is not the first time that the absence of long-period Cepheids in a dwarf irregular
galaxy has been pondered. In their study of WLM, Sandage & Carlson (1985) found nu-
merous Cepheids with periods between 3 and 10 days, but none with periods longer than 10
days. They speculated that the absence of the longer period Cepheids could be due to either
stochastic variations in the rate of star formation or (their favored explanation) a metallicity
dependency of the lengths of the blue loop excursions of the post main sequence evolutionary
tracks. Later, Skillman, Terlevich, & Melnick (1989b) measured HII region abundances in
WLM, showing it to be more metal rich than Sextans A, which was known to have sev-
eral longer-period Cepheids. Today we know that Sextans A has experienced a relatively
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high rate of star formation in the last 50 Myr (Dohm-Palmer et al. 1997), corresponding to
main sequence turnoff masses in excess of 7 M⊙ and thus Cepheids with periods in excess
of 10 days, while the star formation rate in WLM has been relatively low during this period
(Dolphin 2000b). Thus, given the relatively small numbers of total stars in the low-mass,
low-metallicity dwarf irregular galaxies, small numbers of long-period Cepheid variables are
expected. Only enhanced recent star formation rates will produce statistically meaningful
samples of long-period Cepheid variable stars in a single dwarf galaxy.
6. Stellar Populations
Although the primary topic of this paper is the variable star content of Leo A, we have
found an interesting difference in the distributions of young and old stars in Leo A, with red
stars (22.0 < V < 23.5 and 0.45 < V − R < 0.8) distributed over a larger scale than blue
stars (21.5 < V < 23.5 and −0.3 < V − R < 0.2). The distributions of these populations
are shown in Figure 11. The population difference is also supported by the observation that
one of out two bona fide RR Lyraes (C1-V03) falls beyond the outermost contour of the blue
stars and the other between the outermost and second contours.
In order to better-quantify the population differences, we have divided the galaxy into
three regions based on the blue star density. The three resulting CMDs are shown in Figure
12. The inner region shows a blue/red ratio of 0.87, the middle region a ratio of 0.25, and
the outer region a ratio of 0.03. We interpret this gradient as the sign of an old stellar halo
surrounding the body of the galaxy, similar to those found in found in many other galaxies,
such as WLM (Minniti & Zijlstra 1997), UGC 4483 (Dolphin et al. 2001a), and LGS 3 (Miller
et al. 2001). Comparing contour spacing, this stellar halo appears more compact than the
HI halo found by Young & Low (1996). As our data were optimized for a variable star
search rather than CMD analysis (thus giving us extremely deep photometry in V and very
shallow photometry in R), we cannot make a more detailed analysis of the populations. We
note that the population gradient we observe would require that such a study sample the
entire galaxy in order to obtain a complete picture of the stellar populations and their spatial
distributions.
We note that our CMD shows a lack of bright supergiants in Leo A. The brightest
blue star falls at V = 19.23, or MV = −5.33, corresponding to an age of 40 Myr according
to the theoretical models of Fagotto et al. (1994) at Z=0.0004. While the presence of HII
regions demonstrates that Leo A contains a non-zero number of very young (≤∼ 6 Myr)
main sequence stars, a large and steady amount of star formation should have produced blue
supergiants roughly 2.5 magnitudes brighter than what is observed. The brightest three blue
– 17 –
stars have an average magnitude of 〈V 〉 = 19.39, or MV = −5.17. This is undoubtedly the
cause of the incorrect distances measured by Demers et al. (1984) and Sandage (1986), as
the brightest supergiant studies assumed absolute magnitudes of MV ∼ −7 for the brightest
blue stars in Leo A.
7. Summary
We have presented the results of a search for short-period variables in Leo A, based
on three consecutive nights of WIYN MIMO observations. We have located 92 variable
star candidates. When placed on a CMD, the variable stars are clearly divided into two
populations. The majority of our variables are short-period classical Cepheids; eight are
candidate RR Lyraes. From the RR Lyraes, we measure a distance modulus of (m−M)0 =
24.51± 0.12. The discovery of RR Lyraes in Leo A disproves the hypothesis that the onset
of star formation in Leo A was delayed until a few Gyr ago.
We have examined the Cepheid population of Leo A, which appears to be significantly
different from previously-studied Cepheid populations. We found 84 Cepheid candidates,
of which 66 have excellent light curves in V and R and unambiguous periods. Rather
than a typical Cepheid population, with periods of 2-60 days and absolute magnitudes of
−2 < MV < −6.5, we found very faint (−0.7 < MV < −2.3) Cepheids with short periods,
including three fundamental pulsators with periods of under 1 day. We have examined this
unusual population in terms of pulsation theory, and have demonstrated that these objects
fall at the expected positions on fundamental and overtone P-L relations. The unusual
Cepheid magnitudes are caused by the metallicity dependence of the blue loops. We find
that this also explains the relatively large number of Cepheids observed in Leo A (three times
the number expected from scaling the SMC Cepheid population to Leo A’s luminosity). We
believe that most of these unusual aspects of this Cepheid population should, in fact, be a
common feature of low-metallicity star-forming galaxies.
We have also examined the distributions of blue stars (primarily blue He burning stars)
and red stars (primarily red giants) in our image, and discovered an old stellar halo in
Leo A that extends well beyond the extent of the young population. A CMD of the halo
looks typical for an old (>∼ 2 Gyr) population, with the only obvious feature being the
red giant branch; a definitive age-dating of this population will only be possible with deeper
photometry.
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Fig. 1.— Combined V image of Leo A. North is to the left and East is down. Each chip
contains 2048× 4096 pixels, with a scale of 0.141 arcsec per pixel. The field is 9.6 arcmin on
a side.
Fig. 2.— Comparison between our two sets of chip 2 deep photometry. We find no systematic
differences of note.
Fig. 3.— Variable star finding charts.
Fig. 4.— Light curves of Leo A variable stars.
Fig. 5.— Color-Magnitude diagram of Leo A. Variable stars are plotted as circles; circle size
indicates the quality of the star’s light curve (larger circles indicate higher quality). Open
circles indicate our brighter population of variables (Cepheids); filled circles our fainter
population (RR Lyraes). Error bars are taken from our photometry of the deep V and R
frames. Uncertainties in R-band magnitudes dominate the color error bars.
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Fig. 6.— Leo A CMD, expanded to show the RR Lyraes in detail.
Fig. 7.— Leo A CMD, expanded to show the Cepheids in detail. Our mean R magnitudes of
the variables have more scatter than our V magnitudes because of the limited phase coverage
(5 epochs).
Fig. 8.— Period-luminosity diagram of bright variables in Leo A. Only Cepheids with unam-
biguous periods and quality ratings of 3 or 4 are shown. The three short-period fundamental-
mode Cepheids are marked as circles. The lines are the P-L relations for short-period SMC
Cepheids in the OGLE database (Udalski et al. 1999b), assuming an SMC distance modu-
lus of (m −M)0 = 18.88 (Dolphin et al. 2001c). The lines are truncated near 〈V 〉 = 23.4
because the SMC does not contain a sufficient number of fainter Cepheids to constrain the
P-L relations. Note that the lack of variables with periods of a day is caused by our inability
to measure unambiguous periods for such objects.
Fig. 9.— Synthetic CMDs based on the Girardi et al. (2000) isochrones, calculated for the
stated metallicities assuming a constant star formation rate. The lines indicate the rough
location of the instability strip.
Fig. 10.— Synthetic CMD based on the Girardi et al. (2000) isochrones, calculated for
Z=0.0004 ([M/H] = −1.7) with a constant star formation rate from 0 to 1 Gyr. The lines
indicate the rough location of the instability strip.
Fig. 11.— Density maps of (a) blue plume stars (21.5 < V < 23.5 and −0.3 < (V −R) < 0.2)
and (b) red giants (22.0 < V < 23.5 and 0.45 < (V − R) < 0.8), in arcsec−2 Contour levels
are plotted every 0.33 dex. Note that the red star distribution is larger than the blue star
distribution (as evidenced by the spacing between contours), indicating an old halo.
Fig. 12.— Color-Magnitude diagram of Leo A, divided by density of blue plume stars
(21.5 < V < 23.5 and −0.3 < (V − R) < 0.2) as described in the text.
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Table 1. Observation Log.
Image ID Epocha Exposure Time (s) Filter Airmass Seeingb
n1080 899.7859 1800 V 1.90 0.86
n1083 899.8156 1800 V 1.54 0.77
n1084 899.8390 1800 V 1.36 0.81
n1085 899.8623 1800 V 1.23 0.68
n1086 899.8861 1800 V 1.14 0.58
n1089 899.9353 1800 V 1.03 0.66
n1095 900.0157 1800 V 1.02 0.65
n1096 900.0390 1800 V 1.05 0.81
n2081 900.7897 1800 V 1.81 1.01
n2082 900.8130 1800 V 1.54 0.88
n2083 900.8367 1200 R 1.36 0.79
n2085 900.8577 1200 R 1.24 0.72
n2086 900.8742 1800 V 1.17 0.72
n2087 900.8975 1800 V 1.10 0.71
n2088 900.9210 1200 R 1.05 0.72
n2089 900.9374 1200 V 1.02 0.79
n2098 901.0233 1200 V 1.03 0.75
n2099 901.0397 1500 V 1.06 0.75
n3060 901.7571 1800 V 2.36 0.96
n3061 901.7804 1800 V 1.90 0.76
n3063 901.8102 1200 R 1.54 0.66
n3064 901.8266 1200 R 1.41 0.58
n3065 901.8429 1800 V 1.30 0.54
n3066 901.8662 1800 V 1.19 0.51
n3068 901.9130 1800 V 1.05 0.57
n3069 901.9364 1200 V 1.02 0.61
n3074 902.0052 1800 V 1.02 0.53
n3075 902.0286 1800 V 1.05 0.55
aHJD−2451000.
bSeeing values taken from our PSF-fitting photometry.
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Table 2. Photometry of Variable Stars.
C1-V01 C1-V02 C1-V03 C1-V04 C1-V05
HJDa V V V V V
899.7859 25.232± 0.241 23.412± 0.046 25.307± 0.257 24.513± 0.124 23.653± 0.057
899.8156 . . . 23.395± 0.037 25.549± 0.264 24.423± 0.094 23.659± 0.048
899.8390 25.761± 0.344 23.365± 0.038 . . . 23.969± 0.066 23.611± 0.048
899.8623 25.264± 0.162 23.437± 0.031 24.607± 0.089 23.705± 0.040 23.762± 0.042
899.8861 24.916± 0.094 23.441± 0.025 24.640± 0.073 23.548± 0.028 23.706± 0.032
899.9353 . . . 23.647± 0.032 24.563± 0.071 23.724± 0.033 23.608± 0.030
900.0157 . . . 23.895± 0.047 24.740± 0.100 23.940± 0.048 23.850± 0.045
900.0390 . . . 23.794± 0.062 25.021± 0.189 24.094± 0.081 23.839± 0.064
900.7897 . . . 23.984± 0.075 25.170± 0.219 23.603± 0.053 23.175± 0.036
900.8130 25.138± 0.177 23.993± 0.063 . . . 23.857± 0.056 23.137± 0.030
900.8742 25.466± 0.184 24.070± 0.052 25.498± 0.186 23.848± 0.043 23.260± 0.025
900.8975 25.459± 0.167 23.809± 0.038 25.078± 0.118 23.990± 0.045 23.374± 0.026
900.9374 . . . 23.517± 0.040 . . . 24.168± 0.073 23.338± 0.035
901.0233 24.911± 0.132 23.368± 0.033 25.720± 0.276 24.109± 0.064 23.428± 0.035
901.0397 . . . 23.441± 0.035 25.245± 0.176 24.081± 0.062 23.464± 0.035
901.7571 . . . 23.959± 0.137 24.732± 0.270 . . . 23.913± 0.126
901.7804 . . . 23.848± 0.105 24.806± 0.256 23.903± 0.110 23.824± 0.103
901.8429 25.854± 0.419 24.001± 0.077 25.046± 0.199 24.289± 0.100 23.962± 0.075
901.8662 25.200± 0.286 24.123± 0.107 24.876± 0.214 24.286± 0.124 24.018± 0.098
901.9130 25.503± 0.259 23.864± 0.059 . . . 24.415± 0.097 24.023± 0.067
901.9364 25.784± 0.286 23.981± 0.056 25.032± 0.143 24.350± 0.077 23.954± 0.055
902.0052 25.176± 0.146 23.984± 0.050 25.153± 0.141 24.230± 0.061 23.691± 0.038
902.0286 25.359± 0.156 24.065± 0.049 25.195± 0.135 24.396± 0.065 23.640± 0.033
HJDa R R R R R
900.8367 25.180± 0.254 23.827± 0.074 . . . 23.767± 0.070 22.888± 0.032
900.8577 . . . 23.676± 0.063 24.865± 0.187 23.612± 0.060 22.936± 0.033
900.9210 25.434± 0.280 23.476± 0.047 . . . 23.879± 0.068 23.022± 0.031
901.8102 25.077± 0.377 23.898± 0.127 24.792± 0.288 24.078± 0.150 23.407± 0.082
901.8266 24.609± 0.260 23.532± 0.097 24.586± 0.255 23.745± 0.118 23.536± 0.097
a HJD−2451000
– 25 –
Table 2—Continued
C1-V06 C1-V07 C1-V08 C1-V09 C1-V10
HJDa V V V V V
899.7859 23.864± 0.069 25.229± 0.241 . . . 23.788± 0.065 23.094± 0.034
899.8156 23.259± 0.055 25.219± 0.193 24.122± 0.072 23.989± 0.064 23.221± 0.032
899.8390 23.683± 0.052 25.444± 0.252 23.951± 0.066 24.053± 0.072 23.288± 0.036
899.8623 23.436± 0.031 25.707± 0.243 24.069± 0.055 24.062± 0.055 23.289± 0.028
899.8861 23.246± 0.021 25.886± 0.227 23.950± 0.039 23.791± 0.035 23.321± 0.023
899.9353 23.076± 0.019 25.633± 0.187 23.740± 0.034 23.270± 0.023 23.377± 0.025
900.0157 23.164± 0.025 25.435± 0.188 23.641± 0.037 23.403± 0.031 23.461± 0.032
900.0390 23.244± 0.037 . . . 23.571± 0.050 23.538± 0.049 23.594± 0.052
900.7897 23.572± 0.052 . . . 23.702± 0.058 23.788± 0.063 23.674± 0.057
900.8130 23.635± 0.045 25.667± 0.289 23.605± 0.044 23.297± 0.046 23.649± 0.047
900.8742 23.653± 0.036 25.572± 0.201 23.610± 0.034 23.229± 0.026 23.221± 0.024
900.8975 23.724± 0.035 25.525± 0.178 23.583± 0.031 23.425± 0.027 23.162± 0.022
900.9374 23.731± 0.048 . . . 23.507± 0.040 23.494± 0.040 23.166± 0.030
901.0233 23.816± 0.050 . . . 23.554± 0.040 23.759± 0.048 23.345± 0.033
901.0397 23.711± 0.044 . . . 23.576± 0.039 23.783± 0.048 23.350± 0.032
901.7571 23.134± 0.063 . . . 23.609± 0.097 23.254± 0.070 23.743± 0.109
901.7804 23.062± 0.052 25.086± 0.324 23.313± 0.065 23.398± 0.071 23.858± 0.107
901.8429 23.155± 0.036 24.622± 0.135 23.529± 0.050 23.506± 0.050 23.803± 0.065
901.8662 23.219± 0.048 . . . 23.466± 0.060 23.580± 0.067 23.661± 0.071
901.9130 23.198± 0.033 25.000± 0.164 23.635± 0.048 23.668± 0.049 23.671± 0.050
901.9364 23.400± 0.033 25.154± 0.159 23.592± 0.040 23.801± 0.048 23.731± 0.045
902.0052 23.609± 0.036 25.616± 0.214 23.762± 0.041 23.935± 0.047 23.197± 0.025
902.0286 23.614± 0.033 25.796± 0.234 23.819± 0.039 23.849± 0.040 23.109± 0.021
HJDa R R R R R
900.8367 23.533± 0.057 25.051± 0.225 23.352± 0.048 23.051± 0.037 23.190± 0.041
900.8577 23.587± 0.059 24.967± 0.205 23.326± 0.046 23.145± 0.040 23.136± 0.039
900.9210 23.615± 0.054 . . . 23.488± 0.048 23.265± 0.039 22.855± 0.027
901.8102 22.946± 0.054 . . . 23.428± 0.083 23.386± 0.080 23.512± 0.090
901.8266 22.999± 0.060 . . . 23.342± 0.082 23.340± 0.082 23.360± 0.084
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C2-V01 C2-V02 C2-V03 C2-V04 C2-V05
HJDa V V V V V
899.7859 22.892± 0.029 23.779± 0.065 23.254± 0.040 22.894± 0.029 23.816± 0.067
899.8156 22.728± 0.021 23.803± 0.055 23.351± 0.037 22.993± 0.027 23.715± 0.051
899.8390 22.687± 0.022 23.886± 0.063 23.506± 0.045 23.050± 0.030 24.165± 0.083
899.8623 22.606± 0.016 23.711± 0.041 23.530± 0.035 23.155± 0.025 23.804± 0.045
899.8861 22.619± 0.013 23.758± 0.034 23.677± 0.032 23.209± 0.021 23.800± 0.035
899.9353 22.593± 0.040 23.800± 0.036 23.618± 0.031 23.280± 0.023 23.870± 0.038
900.0157 22.855± 0.019 23.591± 0.037 23.941± 0.050 23.347± 0.030 23.858± 0.047
900.0390 22.941± 0.030 23.401± 0.045 23.874± 0.068 23.358± 0.043 23.818± 0.065
900.7897 22.657± 0.024 23.106± 0.035 23.696± 0.060 23.008± 0.032 23.644± 0.057
900.8130 22.707± 0.020 23.204± 0.032 23.696± 0.049 22.848± 0.024 23.916± 0.060
900.8742 22.849± 0.018 23.432± 0.030 23.656± 0.036 23.013± 0.021 23.750± 0.039
900.8975 22.923± 0.018 23.472± 0.029 23.600± 0.033 23.031± 0.020 23.723± 0.036
900.9374 22.948± 0.026 23.414± 0.038 23.539± 0.044 23.050± 0.028 23.975± 0.065
901.0233 23.162± 0.029 23.707± 0.047 . . . 23.318± 0.033 23.754± 0.049
901.0397 23.187± 0.028 23.692± 0.044 23.686± 0.044 23.324± 0.032 23.834± 0.050
901.7571 22.962± 0.056 . . . 23.606± 0.102 23.411± 0.086 23.130± 0.066
901.7804 22.999± 0.051 24.008± 0.127 23.986± 0.124 23.581± 0.086 23.231± 0.063
901.8429 23.100± 0.035 23.912± 0.073 23.971± 0.077 23.306± 0.042 23.484± 0.050
901.8662 23.073± 0.043 23.870± 0.087 24.023± 0.101 22.935± 0.038 23.472± 0.062
901.9130 23.176± 0.033 23.735± 0.053 23.938± 0.064 22.841± 0.024 23.501± 0.043
901.9364 23.152± 0.028 23.747± 0.046 23.893± 0.053 22.945± 0.023 23.566± 0.040
902.0052 23.330± 0.028 23.252± 0.026 23.792± 0.043 23.158± 0.024 23.699± 0.039
902.0286 23.296± 0.025 23.142± 0.022 23.543± 0.031 23.185± 0.023 23.769± 0.039
HJDa R R R R R
900.8367 22.527± 0.024 23.091± 0.040 23.457± 0.055 22.695± 0.028 23.110± 0.041
900.8577 22.631± 0.026 23.049± 0.037 23.485± 0.056 22.712± 0.028 23.293± 0.047
900.9210 22.718± 0.026 23.184± 0.039 23.207± 0.041 22.738± 0.027 23.285± 0.044
901.8102 22.715± 0.044 23.593± 0.098 23.573± 0.096 23.409± 0.083 23.121± 0.064
901.8266 22.840± 0.053 23.553± 0.101 23.570± 0.103 23.305± 0.081 23.066± 0.065
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C2-V06 C2-V07 C2-V08 C2-V09 C2-V10
HJDa V V V V V
899.7859 23.786± 0.065 23.970± 0.077 23.296± 0.042 23.691± 0.061 23.041± 0.034
899.8156 23.757± 0.053 24.050± 0.069 23.339± 0.036 23.646± 0.048 23.117± 0.030
899.8390 23.744± 0.056 23.938± 0.067 23.164± 0.033 23.756± 0.056 23.124± 0.032
899.8623 23.804± 0.045 24.054± 0.055 23.264± 0.027 23.589± 0.037 23.164± 0.025
899.8861 23.725± 0.033 23.872± 0.037 23.271± 0.022 23.668± 0.031 23.229± 0.021
899.9353 23.540± 0.029 23.617± 0.031 23.204± 0.022 23.622± 0.031 23.324± 0.024
900.0157 23.268± 0.028 23.418± 0.032 23.257± 0.027 23.703± 0.041 23.291± 0.028
900.0390 23.185± 0.037 23.449± 0.047 23.230± 0.039 23.683± 0.058 23.398± 0.045
900.7897 23.584± 0.053 23.802± 0.065 22.730± 0.025 23.502± 0.050 23.320± 0.042
900.8130 23.532± 0.043 23.656± 0.047 22.784± 0.022 23.478± 0.041 23.318± 0.035
900.8742 23.544± 0.033 23.516± 0.032 22.828± 0.018 23.542± 0.033 23.490± 0.031
900.8975 23.703± 0.036 23.428± 0.028 22.913± 0.018 23.580± 0.032 23.462± 0.029
900.9374 23.637± 0.047 23.599± 0.046 22.910± 0.025 23.663± 0.048 23.421± 0.039
901.0233 23.801± 0.050 23.721± 0.046 22.976± 0.024 23.606± 0.042 23.359± 0.034
901.0397 23.693± 0.044 23.668± 0.043 23.019± 0.024 23.699± 0.045 23.434± 0.035
901.7571 23.836± 0.126 23.359± 0.081 23.340± 0.081 23.154± 0.068 23.241± 0.073
901.7804 23.688± 0.095 23.335± 0.069 23.387± 0.072 23.211± 0.062 23.534± 0.083
901.8429 23.844± 0.068 23.541± 0.052 23.231± 0.039 23.390± 0.046 23.445± 0.048
901.8662 23.889± 0.089 23.730± 0.078 23.344± 0.054 23.378± 0.056 23.311± 0.053
901.9130 23.773± 0.055 23.740± 0.054 23.311± 0.037 23.337± 0.038 23.073± 0.030
901.9364 23.665± 0.043 23.795± 0.048 23.238± 0.030 23.447± 0.036 22.972± 0.024
902.0052 23.497± 0.033 23.916± 0.047 23.352± 0.029 23.470± 0.032 22.843± 0.019
902.0286 23.345± 0.027 23.625± 0.050 23.199± 0.024 23.491± 0.030 22.845± 0.017
HJDa R R R R R
900.8367 23.259± 0.046 23.233± 0.045 22.555± 0.025 23.125± 0.041 23.068± 0.039
900.8577 23.371± 0.050 23.199± 0.043 22.588± 0.025 23.177± 0.042 23.058± 0.038
900.9210 23.281± 0.043 23.235± 0.041 22.601± 0.024 23.164± 0.039 23.126± 0.038
901.8102 23.722± 0.110 23.384± 0.081 22.943± 0.054 22.936± 0.054 23.118± 0.063
901.8266 23.504± 0.097 23.356± 0.085 23.032± 0.063 23.020± 0.063 23.221± 0.075
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C2-V11 C2-V12 C2-V13 C2-V14 C2-V15
HJDa V V V V V
899.7859 22.654± 0.024 24.023± 0.081 23.530± 0.052 24.052± 0.083 24.342± 0.108
899.8156 22.713± 0.021 23.793± 0.055 23.346± 0.037 24.071± 0.070 24.311± 0.087
899.8390 22.856± 0.026 23.859± 0.061 23.324± 0.038 24.160± 0.082 24.331± 0.094
899.8623 22.880± 0.020 24.066± 0.056 23.280± 0.028 23.950± 0.051 23.909± 0.049
899.8861 22.971± 0.017 24.011± 0.042 23.356± 0.024 24.016± 0.043 23.590± 0.029
899.9353 23.111± 0.020 23.477± 0.027 23.387± 0.025 23.661± 0.032 23.448± 0.026
900.0157 23.272± 0.028 23.019± 0.022 . . . 23.583± 0.037 23.637± 0.038
900.0390 23.358± 0.043 23.104± 0.034 23.720± 0.060 23.762± 0.062 23.685± 0.058
900.7897 22.700± 0.025 24.020± 0.080 23.819± 0.067 24.219± 0.095 24.235± 0.096
900.8130 22.670± 0.020 24.123± 0.073 23.757± 0.053 24.043± 0.067 23.751± 0.051
900.8742 22.862± 0.018 23.946± 0.047 23.748± 0.040 23.681± 0.037 23.406± 0.029
900.8975 22.909± 0.018 23.989± 0.046 23.768± 0.038 23.540± 0.031 23.444± 0.028
900.9374 22.961± 0.026 24.292± 0.085 23.616± 0.047 23.567± 0.045 23.664± 0.048
901.0233 23.380± 0.035 23.205± 0.029 23.704± 0.046 23.721± 0.047 23.884± 0.053
901.0397 23.329± 0.032 23.074± 0.026 23.659± 0.043 23.821± 0.050 23.887± 0.053
901.7571 23.080± 0.064 24.064± 0.157 23.100± 0.065 . . . 23.739± 0.115
901.7804 22.770± 0.041 23.864± 0.113 23.257± 0.064 23.698± 0.096 23.574± 0.086
901.8429 22.681± 0.025 23.876± 0.071 23.421± 0.047 23.593± 0.055 23.512± 0.051
901.8662 22.710± 0.031 24.045± 0.103 23.418± 0.058 23.670± 0.074 23.484± 0.062
901.9130 22.877± 0.025 23.873± 0.060 23.516± 0.044 23.541± 0.045 23.551± 0.045
901.9364 22.984± 0.024 23.871± 0.051 23.471± 0.036 23.632± 0.042 . . .
902.0052 23.208± 0.026 24.004± 0.051 23.788± 0.043 23.876± 0.046 23.835± 0.044
902.0286 23.245± 0.024 24.004± 0.047 23.768± 0.039 23.875± 0.042 23.874± 0.042
HJDa R R R R R
900.8367 22.591± 0.026 23.585± 0.062 23.643± 0.065 23.540± 0.059 23.432± 0.054
900.8577 22.655± 0.027 23.481± 0.055 23.610± 0.062 23.579± 0.061 23.265± 0.046
900.9210 22.746± 0.027 23.576± 0.056 23.566± 0.056 23.244± 0.042 23.279± 0.043
901.8102 22.599± 0.040 23.661± 0.104 23.130± 0.065 23.425± 0.084 23.337± 0.077
901.8266 22.624± 0.044 23.260± 0.077 23.187± 0.073 23.231± 0.076 23.262± 0.078
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C2-V16 C2-V17 C2-V18 C2-V19 C2-V20
HJDa V V V V V
899.7859 23.219± 0.039 22.701± 0.025 23.198± 0.039 23.545± 0.053 23.939± 0.077
899.8156 23.119± 0.030 22.644± 0.020 23.203± 0.032 23.469± 0.041 23.812± 0.056
899.8390 23.130± 0.032 22.730± 0.026 23.304± 0.038 23.406± 0.042 23.901± 0.065
899.8623 23.019± 0.023 22.729± 0.017 23.401± 0.031 23.435± 0.032 24.156± 0.061
899.8861 22.972± 0.017 22.814± 0.015 23.424± 0.026 23.329± 0.024 23.933± 0.040
899.9353 22.970± 0.018 22.922± 0.017 23.499± 0.028 23.089± 0.020 23.924± 0.040
900.0157 22.939± 0.021 23.010± 0.022 23.687± 0.040 22.713± 0.017 23.789± 0.045
900.0390 23.053± 0.033 23.011± 0.032 23.548± 0.051 22.713± 0.024 24.157± 0.089
900.7897 23.026± 0.033 23.577± 0.054 23.749± 0.062 22.916± 0.030 23.368± 0.044
900.8130 23.098± 0.029 23.659± 0.047 23.731± 0.051 22.866± 0.024 23.435± 0.040
900.8742 23.195± 0.024 23.656± 0.036 23.406± 0.029 22.715± 0.016 23.552± 0.033
900.8975 23.190± 0.023 23.610± 0.032 23.247± 0.024 22.729± 0.016 23.498± 0.030
900.9374 23.207± 0.032 23.653± 0.048 23.080± 0.029 22.720± 0.022 23.577± 0.045
901.0233 23.398± 0.035 23.778± 0.049 23.251± 0.031 22.996± 0.025 23.669± 0.045
901.0397 23.241± 0.030 23.698± 0.044 23.275± 0.031 22.979± 0.024 23.757± 0.047
901.7571 23.245± 0.074 23.351± 0.081 23.503± 0.092 22.872± 0.052 23.608± 0.102
901.7804 23.292± 0.066 23.423± 0.075 23.393± 0.073 22.879± 0.046 23.755± 0.102
901.8429 23.440± 0.048 23.504± 0.051 23.768± 0.064 23.062± 0.034 23.895± 0.072
901.8662 23.436± 0.059 23.557± 0.066 23.665± 0.073 23.068± 0.043 23.891± 0.090
901.9130 23.413± 0.040 23.517± 0.044 23.692± 0.051 23.120± 0.031 23.918± 0.063
901.9364 23.376± 0.033 23.574± 0.040 23.773± 0.047 23.186± 0.029 23.767± 0.047
902.0052 23.324± 0.028 23.624± 0.036 23.729± 0.040 23.259± 0.027 23.688± 0.039
902.0286 23.207± 0.024 23.544± 0.032 23.686± 0.036 23.291± 0.026 23.638± 0.035
HJDa R R R R R
900.8367 22.892± 0.033 23.184± 0.043 23.410± 0.053 22.628± 0.027 23.289± 0.048
900.8577 22.893± 0.033 23.206± 0.043 23.318± 0.048 22.562± 0.025 23.212± 0.044
900.9210 22.950± 0.032 23.308± 0.044 22.864± 0.030 22.536± 0.023 23.463± 0.052
901.8102 23.005± 0.057 23.271± 0.073 23.492± 0.089 22.786± 0.047 23.644± 0.103
901.8266 23.173± 0.072 23.014± 0.062 23.511± 0.097 22.883± 0.055 23.766± 0.123
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C2-V21 C2-V22 C2-V23 C2-V24 C2-V25
HJDa V V V V V
899.7859 23.489± 0.050 22.989± 0.032 23.579± 0.056 23.426± 0.048 23.150± 0.038
899.8156 23.513± 0.042 22.913± 0.025 23.569± 0.045 23.467± 0.041 23.031± 0.028
899.8390 23.541± 0.046 23.028± 0.030 23.557± 0.048 23.207± 0.035 22.863± 0.026
899.8623 23.630± 0.038 22.932± 0.021 23.578± 0.037 22.989± 0.022 22.445± 0.014
899.8861 23.649± 0.031 22.891± 0.017 23.541± 0.029 23.009± 0.018 22.247± 0.010
899.9353 23.681± 0.033 22.600± 0.013 23.615± 0.031 23.050± 0.019 22.148± 0.009
900.0157 23.587± 0.037 21.839± 0.009 23.635± 0.039 23.300± 0.029 22.263± 0.012
900.0390 23.689± 0.059 21.785± 0.011 23.294± 0.041 23.223± 0.038 22.420± 0.019
900.7897 23.229± 0.039 22.834± 0.028 23.167± 0.037 23.076± 0.034 23.458± 0.049
900.8130 23.223± 0.032 22.824± 0.023 23.089± 0.029 23.026± 0.027 23.245± 0.034
900.8742 23.061± 0.022 22.897± 0.019 23.200± 0.025 23.075± 0.022 23.317± 0.027
900.8975 23.092± 0.021 22.887± 0.018 23.293± 0.026 23.106± 0.021 23.215± 0.024
900.9374 23.123± 0.030 22.887± 0.025 23.263± 0.035 23.272± 0.034 23.159± 0.032
901.0233 23.345± 0.034 22.910± 0.023 23.327± 0.034 23.366± 0.034 23.261± 0.032
901.0397 23.401± 0.034 22.944± 0.023 23.490± 0.037 23.406± 0.034 23.320± 0.032
901.7571 23.802± 0.122 21.762± 0.020 23.655± 0.107 22.871± 0.052 23.149± 0.068
901.7804 23.881± 0.114 21.767± 0.017 . . . 23.047± 0.053 23.009± 0.052
901.8429 23.742± 0.063 21.971± 0.014 23.297± 0.042 23.288± 0.042 23.247± 0.040
901.8662 23.639± 0.071 22.073± 0.018 22.957± 0.039 23.208± 0.048 23.141± 0.046
901.9130 23.690± 0.051 22.129± 0.014 22.712± 0.022 23.290± 0.036 23.200± 0.034
901.9364 23.673± 0.043 22.147± 0.012 22.620± 0.018 23.279± 0.031 23.188± 0.029
902.0052 23.648± 0.038 22.318± 0.012 22.849± 0.019 23.437± 0.031 23.257± 0.027
902.0286 23.550± 0.032 22.322± 0.012 22.890± 0.018 23.412± 0.028 23.273± 0.025
HJDa R R R R R
900.8367 22.959± 0.036 22.488± 0.024 22.979± 0.037 22.702± 0.028 22.969± 0.036
900.8577 22.920± 0.034 22.496± 0.024 22.966± 0.035 22.761± 0.029 22.862± 0.032
900.9210 22.899± 0.031 22.511± 0.022 23.036± 0.035 22.889± 0.031 22.894± 0.031
901.8102 23.310± 0.076 21.921± 0.022 23.410± 0.084 22.876± 0.051 22.906± 0.053
901.8266 23.317± 0.082 21.826± 0.022 . . . 22.929± 0.057 22.740± 0.049
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C2-V26 C2-V27 C2-V28 C2-V29 C2-V30
HJDa V V V V V
899.7859 23.917± 0.074 23.900± 0.073 23.274± 0.042 23.336± 0.043 23.170± 0.038
899.8156 23.780± 0.054 23.857± 0.057 23.184± 0.032 23.096± 0.029 23.352± 0.037
899.8390 23.849± 0.062 23.947± 0.067 23.238± 0.035 22.946± 0.027 23.394± 0.042
899.8623 23.880± 0.048 24.076± 0.057 23.348± 0.030 22.983± 0.022 23.321± 0.029
899.8861 23.864± 0.038 23.973± 0.041 23.374± 0.024 23.040± 0.018 23.442± 0.026
899.9353 23.798± 0.036 23.897± 0.039 23.345± 0.024 23.151± 0.020 23.403± 0.026
900.0157 23.712± 0.041 23.608± 0.037 23.388± 0.031 23.265± 0.028 23.420± 0.032
900.0390 . . . 23.426± 0.046 23.431± 0.047 23.248± 0.039 23.486± 0.049
900.7897 23.397± 0.046 23.667± 0.058 23.446± 0.048 23.483± 0.049 23.318± 0.043
900.8130 23.457± 0.040 23.928± 0.060 23.524± 0.042 23.509± 0.041 23.501± 0.042
900.8742 23.588± 0.034 24.115± 0.055 23.523± 0.032 23.489± 0.031 23.512± 0.032
900.8975 23.551± 0.031 24.081± 0.050 23.455± 0.029 23.451± 0.029 23.470± 0.029
900.9374 23.819± 0.057 23.918± 0.060 23.534± 0.044 23.359± 0.037 23.359± 0.037
901.0233 23.841± 0.053 23.874± 0.054 23.536± 0.040 23.001± 0.025 23.325± 0.034
901.0397 23.750± 0.047 23.951± 0.056 23.424± 0.035 22.982± 0.024 23.139± 0.028
901.7571 23.661± 0.108 23.447± 0.089 23.523± 0.095 23.109± 0.065 23.086± 0.064
901.7804 23.681± 0.095 23.500± 0.080 23.412± 0.074 23.192± 0.060 23.211± 0.062
901.8429 23.766± 0.064 23.690± 0.060 23.322± 0.043 23.424± 0.047 23.059± 0.034
901.8662 23.789± 0.082 23.724± 0.077 23.245± 0.050 23.386± 0.057 22.906± 0.037
901.9130 23.387± 0.039 23.789± 0.056 23.024± 0.028 23.393± 0.039 22.993± 0.028
901.9364 23.307± 0.032 23.851± 0.051 22.952± 0.023 23.483± 0.037 23.012± 0.025
902.0052 23.349± 0.029 23.895± 0.046 22.797± 0.018 23.443± 0.031 23.140± 0.024
902.0286 23.414± 0.028 24.106± 0.052 22.859± 0.018 23.475± 0.030 23.217± 0.024
HJDa R R R R R
900.8367 23.307± 0.049 23.572± 0.061 23.226± 0.045 23.087± 0.040 23.240± 0.046
900.8577 23.359± 0.050 23.675± 0.067 23.282± 0.046 23.172± 0.042 23.258± 0.046
900.9210 23.358± 0.047 23.622± 0.059 23.293± 0.044 23.055± 0.035 23.335± 0.046
901.8102 23.688± 0.107 23.341± 0.078 23.380± 0.081 23.057± 0.060 23.196± 0.069
901.8266 23.533± 0.100 23.400± 0.089 23.073± 0.065 23.055± 0.064 23.177± 0.072
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C2-V31 C2-V32 C2-V33 C2-V34 C2-V35
HJDa V V V V V
899.7859 22.963± 0.032 23.397± 0.047 25.114± 0.218 23.211± 0.039 23.610± 0.056
899.8156 22.905± 0.025 23.283± 0.035 . . . 23.144± 0.031 23.625± 0.047
899.8390 22.906± 0.027 23.238± 0.036 24.996± 0.173 23.044± 0.030 23.827± 0.061
899.8623 22.958± 0.021 23.213± 0.027 25.004± 0.132 23.085± 0.024 23.782± 0.044
899.8861 22.974± 0.017 23.031± 0.018 25.297± 0.134 23.126± 0.020 23.828± 0.036
899.9353 23.065± 0.019 22.899± 0.017 24.975± 0.103 23.240± 0.022 23.994± 0.043
900.0157 23.161± 0.026 22.772± 0.018 24.931± 0.122 23.393± 0.031 24.044± 0.056
900.0390 23.279± 0.040 22.900± 0.029 25.109± 0.213 23.357± 0.044 24.002± 0.077
900.7897 23.326± 0.043 22.880± 0.029 25.468± 0.296 23.506± 0.050 23.958± 0.076
900.8130 23.362± 0.037 22.838± 0.023 . . . 23.611± 0.046 24.108± 0.072
900.8742 23.230± 0.025 22.961± 0.020 25.298± 0.159 23.575± 0.034 23.839± 0.043
900.8975 23.008± 0.020 22.959± 0.019 . . . 23.528± 0.031 23.637± 0.034
900.9374 22.529± 0.018 23.035± 0.029 25.171± 0.187 23.438± 0.040 23.544± 0.044
901.0233 22.471± 0.016 23.264± 0.032 24.901± 0.136 23.682± 0.046 23.735± 0.048
901.0397 22.509± 0.016 23.319± 0.033 24.719± 0.111 23.638± 0.042 23.782± 0.048
901.7571 23.400± 0.085 23.014± 0.060 24.570± 0.248 23.601± 0.102 . . .
901.7804 23.585± 0.087 23.289± 0.066 24.814± 0.267 23.552± 0.085 23.750± 0.101
901.8429 23.459± 0.049 23.237± 0.040 24.562± 0.132 23.344± 0.044 24.027± 0.081
901.8662 23.441± 0.060 23.259± 0.051 24.551± 0.162 23.104± 0.044 24.062± 0.105
901.9130 23.407± 0.040 23.400± 0.040 24.494± 0.105 23.075± 0.030 24.072± 0.073
901.9364 23.376± 0.034 23.344± 0.033 24.854± 0.124 23.087± 0.027 24.160± 0.068
902.0052 23.387± 0.030 23.377± 0.030 25.008± 0.125 23.234± 0.026 24.065± 0.054
902.0286 23.452± 0.029 23.482± 0.030 24.978± 0.114 23.230± 0.024 . . .
HJDa R R R R R
900.8367 23.398± 0.054 22.759± 0.030 24.816± 0.190 23.247± 0.046 23.705± 0.069
900.8577 23.217± 0.044 22.770± 0.030 . . . 23.191± 0.043 23.540± 0.059
900.9210 22.610± 0.024 22.814± 0.029 24.938± 0.195 23.284± 0.044 23.254± 0.043
901.8102 23.177± 0.068 22.921± 0.053 24.835± 0.305 22.985± 0.056 23.709± 0.109
901.8266 23.181± 0.072 23.012± 0.062 24.387± 0.217 23.104± 0.068 23.790± 0.126
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C2-V36 C2-V37 C2-V38 C2-V39 C2-V40
HJDa V V V V V
899.7859 23.901± 0.073 23.480± 0.050 22.856± 0.028 22.551± 0.022 23.825± 0.068
899.8156 23.823± 0.056 23.465± 0.041 22.687± 0.021 22.535± 0.018 23.461± 0.041
899.8390 23.765± 0.057 23.347± 0.040 22.618± 0.021 22.573± 0.020 23.084± 0.031
899.8623 23.832± 0.046 23.427± 0.032 22.538± 0.015 22.601± 0.016 22.884± 0.020
899.8861 23.872± 0.038 23.551± 0.029 22.551± 0.012 22.667± 0.013 22.885± 0.016
899.9353 23.934± 0.041 23.441± 0.026 22.489± 0.012 22.703± 0.014 22.991± 0.018
900.0157 24.151± 0.062 23.498± 0.034 22.679± 0.017 22.855± 0.019 23.150± 0.025
900.0390 24.239± 0.096 23.429± 0.046 22.731± 0.025 22.871± 0.028 23.254± 0.040
900.7897 23.621± 0.057 23.051± 0.034 22.664± 0.024 23.462± 0.048 23.830± 0.067
900.8130 23.440± 0.040 23.214± 0.033 22.564± 0.018 23.436± 0.039 23.750± 0.053
900.8742 23.729± 0.039 23.228± 0.025 22.553± 0.014 23.395± 0.029 23.892± 0.044
900.8975 23.657± 0.034 23.281± 0.025 22.556± 0.013 23.322± 0.026 23.959± 0.045
900.9374 23.858± 0.058 23.218± 0.033 22.528± 0.018 23.365± 0.037 23.856± 0.058
901.0233 24.171± 0.070 23.422± 0.036 22.788± 0.021 23.410± 0.035 22.871± 0.022
901.0397 24.065± 0.062 23.449± 0.036 22.841± 0.021 23.345± 0.032 22.822± 0.021
901.7571 . . . 22.766± 0.048 22.411± 0.035 22.899± 0.054 24.324± 0.198
901.7804 23.867± 0.113 22.842± 0.044 22.465± 0.032 22.982± 0.050 23.744± 0.100
901.8429 23.632± 0.057 23.000± 0.032 22.589± 0.023 23.081± 0.035 23.828± 0.067
901.8662 23.618± 0.070 22.982± 0.040 22.653± 0.030 23.117± 0.045 23.748± 0.079
901.9130 23.750± 0.055 23.026± 0.029 22.709± 0.022 23.091± 0.030 23.928± 0.063
901.9364 23.836± 0.051 23.086± 0.026 22.707± 0.019 23.138± 0.027 23.798± 0.048
902.0052 24.011± 0.052 23.171± 0.025 22.942± 0.021 23.172± 0.040 23.757± 0.041
902.0286 23.992± 0.047 23.139± 0.022 22.921± 0.019 23.232± 0.024 23.910± 0.044
HJDa R R R R R
900.8367 23.368± 0.052 22.788± 0.031 22.396± 0.022 23.091± 0.039 23.376± 0.052
900.8577 23.348± 0.050 22.784± 0.030 22.405± 0.022 22.953± 0.035 23.456± 0.054
900.9210 23.548± 0.055 22.768± 0.028 22.443± 0.021 22.978± 0.033 23.468± 0.051
901.8102 23.563± 0.095 22.693± 0.043 22.434± 0.034 22.737± 0.045 23.385± 0.081
901.8266 23.240± 0.076 22.739± 0.049 22.412± 0.036 22.774± 0.050 23.854± 0.133
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C2-V41 C2-V42 C2-V43 C2-V44 C2-V45
HJDa V V V V V
899.7859 23.669± 0.059 22.454± 0.020 23.108± 0.036 23.491± 0.050 23.173± 0.038
899.8156 23.749± 0.053 22.417± 0.016 23.024± 0.028 23.462± 0.041 23.032± 0.028
899.8390 23.576± 0.049 22.388± 0.017 23.057± 0.030 23.524± 0.045 22.977± 0.029
899.8623 23.642± 0.038 22.450± 0.014 22.857± 0.020 23.517± 0.035 23.022± 0.023
899.8861 23.625± 0.030 22.417± 0.011 22.718± 0.014 23.535± 0.028 23.031± 0.018
899.9353 23.728± 0.034 22.427± 0.011 22.599± 0.013 23.615± 0.030 23.145± 0.021
900.0157 23.441± 0.032 22.412± 0.014 22.597± 0.016 23.778± 0.043 23.328± 0.030
900.0390 23.576± 0.053 22.378± 0.018 22.651± 0.023 23.831± 0.065 23.463± 0.048
900.7897 23.731± 0.063 22.205± 0.016 23.185± 0.038 23.674± 0.058 23.618± 0.057
900.8130 23.656± 0.047 22.216± 0.014 23.206± 0.032 23.833± 0.056 23.486± 0.042
900.8742 23.546± 0.033 22.222± 0.011 23.242± 0.026 23.754± 0.039 23.674± 0.037
900.8975 23.539± 0.031 22.254± 0.011 23.154± 0.023 23.722± 0.036 23.645± 0.034
900.9374 23.447± 0.040 22.213± 0.014 23.047± 0.029 23.735± 0.052 23.646± 0.048
901.0233 23.138± 0.028 22.350± 0.015 23.201± 0.030 23.289± 0.032 23.533± 0.040
901.0397 23.151± 0.028 22.340± 0.014 23.170± 0.028 23.185± 0.028 23.560± 0.040
901.7571 23.632± 0.105 22.424± 0.036 22.773± 0.049 23.388± 0.084 23.073± 0.064
901.7804 23.737± 0.099 22.367± 0.029 22.818± 0.043 23.301± 0.067 23.185± 0.061
901.8429 23.358± 0.044 22.369± 0.019 22.900± 0.030 23.087± 0.035 22.983± 0.032
901.8662 23.225± 0.049 22.334± 0.023 22.989± 0.040 23.065± 0.043 23.019± 0.041
901.9130 23.154± 0.032 21.858± 0.011 22.973± 0.028 23.144± 0.032 23.067± 0.030
901.9364 23.079± 0.026 21.765± 0.011 22.952± 0.024 23.162± 0.028 23.166± 0.028
902.0052 23.099± 0.023 21.714± 0.008 23.061± 0.023 23.285± 0.027 23.369± 0.029
902.0286 23.091± 0.021 21.728± 0.007 22.977± 0.020 23.412± 0.028 23.394± 0.028
HJDa R R R R R
900.8367 23.232± 0.045 21.881± 0.014 22.745± 0.030 23.511± 0.058 23.411± 0.054
900.8577 23.343± 0.050 21.904± 0.014 22.780± 0.030 23.562± 0.059 23.317± 0.049
900.9210 23.175± 0.040 21.827± 0.012 22.719± 0.027 23.481± 0.052 23.234± 0.042
901.8102 23.310± 0.076 22.075± 0.025 22.607± 0.040 22.978± 0.056 22.920± 0.053
901.8266 23.299± 0.080 22.086± 0.027 22.620± 0.044 22.979± 0.060 22.783± 0.051
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C2-V46 C2-V47 C2-V48 C2-V49 C2-V50
HJDa V V V V V
899.7859 24.203± 0.098 23.189± 0.038 23.750± 0.064 24.409± 0.115 23.455± 0.049
899.8156 23.767± 0.054 23.135± 0.030 23.789± 0.055 23.693± 0.068 23.480± 0.041
899.8390 23.964± 0.068 23.102± 0.032 23.819± 0.060 23.989± 0.070 23.631± 0.051
899.8623 23.815± 0.046 23.168± 0.025 23.792± 0.045 23.983± 0.052 23.597± 0.037
899.8861 23.768± 0.035 23.197± 0.021 23.777± 0.035 23.992± 0.042 23.657± 0.031
899.9353 23.863± 0.039 23.313± 0.024 23.739± 0.034 24.059± 0.046 23.748± 0.035
900.0157 23.421± 0.032 23.385± 0.031 23.498± 0.034 23.347± 0.030 23.827± 0.046
900.0390 23.317± 0.042 23.433± 0.046 23.516± 0.050 23.159± 0.036 23.877± 0.069
900.7897 23.831± 0.067 23.738± 0.062 23.637± 0.057 23.810± 0.067 23.537± 0.053
900.8130 . . . 23.802± 0.054 23.624± 0.047 24.261± 0.083 23.534± 0.043
900.8742 23.855± 0.044 23.831± 0.042 23.783± 0.041 23.519± 0.033 23.710± 0.038
900.8975 23.788± 0.039 23.772± 0.038 23.615± 0.033 23.318± 0.026 23.769± 0.038
900.9374 23.764± 0.054 23.695± 0.049 23.779± 0.054 22.730± 0.074 23.781± 0.055
901.0233 23.832± 0.052 23.284± 0.032 23.442± 0.096 23.480± 0.038 . . .
901.0397 23.741± 0.046 23.154± 0.028 23.784± 0.048 23.511± 0.038 23.899± 0.054
901.7571 23.960± 0.141 23.723± 0.113 23.795± 0.121 23.232± 0.073 23.453± 0.090
901.7804 23.726± 0.098 23.634± 0.091 23.541± 0.084 23.078± 0.055 23.460± 0.078
901.8429 23.269± 0.041 23.703± 0.060 23.235± 0.040 23.220± 0.040 23.838± 0.068
901.8662 23.253± 0.051 23.937± 0.094 23.317± 0.053 23.379± 0.057 23.785± 0.082
901.9130 23.369± 0.039 23.738± 0.053 23.406± 0.040 23.531± 0.045 23.883± 0.061
901.9364 23.541± 0.039 23.693± 0.044 . . . 23.487± 0.037 23.914± 0.054
902.0052 23.558± 0.035 23.692± 0.039 23.561± 0.035 23.748± 0.041 24.091± 0.056
902.0286 23.608± 0.034 23.771± 0.038 23.595± 0.033 23.807± 0.040 24.152± 0.054
HJDa R R R R R
900.8367 23.396± 0.053 23.387± 0.052 23.531± 0.060 23.827± 0.078 23.359± 0.051
900.8577 23.620± 0.063 23.412± 0.052 23.587± 0.061 23.584± 0.061 23.540± 0.059
900.9210 23.332± 0.046 23.510± 0.053 23.658± 0.061 22.965± 0.033 23.518± 0.054
901.8102 23.277± 0.074 23.499± 0.090 23.160± 0.066 23.091± 0.062 23.402± 0.083
901.8266 23.109± 0.068 . . . 23.162± 0.071 22.953± 0.059 23.387± 0.087
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C2-V51 C2-V52 C2-V53 C2-V54 C2-V55
HJDa V V V V V
899.7859 23.746± 0.063 23.859± 0.071 23.589± 0.055 23.796± 0.066 23.048± 0.034
899.8156 23.595± 0.046 23.806± 0.055 23.677± 0.050 23.875± 0.059 23.040± 0.028
899.8390 23.647± 0.051 23.863± 0.062 23.673± 0.052 23.782± 0.058 23.135± 0.032
899.8623 23.725± 0.041 23.866± 0.047 23.789± 0.044 23.598± 0.037 23.253± 0.027
899.8861 23.770± 0.034 23.900± 0.038 23.752± 0.034 23.499± 0.027 23.347± 0.024
899.9353 23.818± 0.036 23.808± 0.036 23.964± 0.042 23.310± 0.039 23.419± 0.026
900.0157 22.918± 0.020 23.795± 0.044 24.001± 0.054 23.441± 0.032 23.599± 0.037
900.0390 22.782± 0.026 23.848± 0.068 23.882± 0.070 23.426± 0.045 23.680± 0.058
900.7897 23.671± 0.057 23.780± 0.064 24.087± 0.086 23.640± 0.056 23.303± 0.041
900.8130 23.732± 0.050 23.771± 0.052 24.024± 0.068 23.703± 0.050 23.280± 0.034
900.8742 23.719± 0.038 23.700± 0.037 23.931± 0.047 23.714± 0.039 23.398± 0.029
900.8975 23.737± 0.036 23.603± 0.033 23.809± 0.040 23.680± 0.035 23.474± 0.029
900.9374 23.663± 0.048 23.297± 0.035 23.673± 0.050 23.778± 0.054 23.549± 0.044
901.0233 23.686± 0.046 23.443± 0.036 23.546± 0.041 23.710± 0.046 23.773± 0.049
901.0397 23.579± 0.040 23.527± 0.038 23.755± 0.047 23.755± 0.047 23.833± 0.050
901.7571 23.296± 0.077 . . . 23.686± 0.110 23.301± 0.077 23.332± 0.079
901.7804 23.417± 0.074 23.972± 0.123 23.753± 0.102 23.494± 0.080 23.386± 0.073
901.8429 23.657± 0.058 23.737± 0.062 23.815± 0.067 23.366± 0.045 23.526± 0.051
901.8662 23.727± 0.077 23.781± 0.081 23.883± 0.089 23.374± 0.056 23.721± 0.077
901.9130 23.681± 0.051 23.848± 0.059 23.973± 0.066 23.505± 0.043 23.613± 0.048
901.9364 23.665± 0.043 23.747± 0.046 24.075± 0.062 23.451± 0.036 23.722± 0.045
902.0052 23.663± 0.038 23.794± 0.042 23.729± 0.040 23.661± 0.038 23.856± 0.045
902.0286 23.588± 0.033 23.674± 0.035 24.000± 0.048 23.633± 0.034 23.849± 0.041
HJDa R R R R R
900.8367 23.228± 0.045 23.755± 0.073 . . . 23.342± 0.050 23.113± 0.041
900.8577 23.329± 0.048 24.051± 0.093 23.843± 0.078 23.341± 0.049 23.093± 0.039
900.9210 23.226± 0.041 23.243± 0.042 23.490± 0.053 23.438± 0.050 23.137± 0.038
901.8102 23.240± 0.071 23.549± 0.094 23.642± 0.103 23.234± 0.070 23.261± 0.073
901.8266 23.262± 0.078 23.729± 0.119 . . . 23.011± 0.062 23.186± 0.073
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C2-V56 C2-V57 C2-V58 C2-V59 C2-V60
HJDa V V V V V
899.7859 24.711± 0.151 23.575± 0.054 23.042± 0.033 . . . 22.658± 0.024
899.8156 25.192± 0.193 23.354± 0.037 23.173± 0.032 23.854± 0.058 22.735± 0.021
899.8390 25.163± 0.202 23.319± 0.038 23.085± 0.031 23.658± 0.051 22.783± 0.024
899.8623 25.125± 0.146 23.232± 0.027 23.137± 0.025 23.616± 0.038 22.818± 0.019
899.8861 25.243± 0.129 23.278± 0.022 23.080± 0.019 23.645± 0.031 22.872± 0.016
899.9353 25.352± 0.144 23.373± 0.025 23.125± 0.020 23.516± 0.028 23.004± 0.018
900.0157 25.114± 0.145 . . . . . . 23.026± 0.023 23.103± 0.024
900.0390 24.872± 0.172 . . . . . . 23.002± 0.031 23.136± 0.036
900.7897 24.746± 0.154 23.638± 0.056 22.528± 0.021 23.158± 0.037 23.884± 0.070
900.8130 . . . 23.726± 0.050 22.557± 0.018 23.273± 0.034 23.695± 0.049
900.8742 24.770± 0.097 23.505± 0.032 22.675± 0.016 23.454± 0.031 23.245± 0.026
900.8975 24.736± 0.090 23.311± 0.025 22.678± 0.015 23.509± 0.030 22.822± 0.017
900.9374 24.895± 0.146 23.218± 0.032 22.705± 0.021 23.494± 0.042 22.397± 0.017
901.0233 . . . 23.432± 0.036 22.830± 0.022 23.783± 0.049 22.396± 0.015
901.0397 25.345± 0.196 23.498± 0.037 22.795± 0.020 23.730± 0.046 22.501± 0.016
901.7571 . . . 23.611± 0.106 23.117± 0.066 23.791± 0.122 . . .
901.7804 24.759± 0.252 . . . 23.027± 0.053 23.574± 0.086 23.751± 0.101
901.8429 25.384± 0.277 . . . . . . 23.546± 0.053 23.890± 0.072
901.8662 . . . . . . . . . 23.423± 0.059 23.824± 0.084
901.9130 25.391± 0.239 . . . . . . 23.244± 0.034 23.701± 0.052
901.9364 25.417± 0.207 . . . 23.143± 0.028 23.057± 0.026 23.693± 0.044
902.0052 24.841± 0.108 23.296± 0.028 22.602± 0.015 23.021± 0.022 23.728± 0.040
902.0286 25.025± 0.118 23.256± 0.025 22.289± 0.011 23.077± 0.021 23.648± 0.035
HJDa R R R R R
900.8367 24.505± 0.143 23.472± 0.055 22.360± 0.021 23.148± 0.042 23.379± 0.052
900.8577 . . . 23.333± 0.048 22.293± 0.019 23.166± 0.042 23.227± 0.044
900.9210 24.420± 0.121 22.999± 0.034 22.326± 0.019 23.239± 0.042 22.375± 0.020
901.8102 24.717± 0.274 . . . 22.773± 0.047 23.506± 0.091 23.320± 0.076
901.8266 . . . . . . 22.841± 0.053 23.464± 0.094 23.394± 0.088
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C2-V61 C2-V62 C2-V63 C2-V64 C2-V65
HJDa V V V V V
899.7859 23.475± 0.050 23.999± 0.080 22.761± 0.026 . . . 23.782± 0.065
899.8156 23.487± 0.042 . . . 22.761± 0.022 22.764± 0.022 23.708± 0.051
899.8390 23.306± 0.038 . . . 22.721± 0.023 22.825± 0.025 23.713± 0.054
899.8623 23.333± 0.029 . . . 22.747± 0.018 22.759± 0.018 23.859± 0.047
899.8861 23.265± 0.022 23.130± 0.020 22.707± 0.014 22.832± 0.015 23.776± 0.035
899.9353 23.316± 0.024 23.437± 0.026 22.795± 0.015 22.812± 0.015 23.737± 0.034
900.0157 23.525± 0.035 . . . . . . 22.777± 0.018 23.535± 0.035
900.0390 23.385± 0.044 . . . . . . 22.770± 0.026 23.490± 0.048
900.7897 23.678± 0.058 . . . 22.326± 0.018 22.191± 0.016 23.424± 0.046
900.8130 23.701± 0.049 . . . 22.289± 0.014 22.242± 0.014 23.558± 0.044
900.8742 23.714± 0.038 23.339± 0.027 22.365± 0.012 22.313± 0.012 23.654± 0.036
900.8975 23.821± 0.040 23.437± 0.028 22.388± 0.012 22.329± 0.011 23.782± 0.038
900.9374 23.684± 0.049 23.513± 0.042 22.397± 0.016 22.342± 0.016 23.753± 0.052
901.0233 23.734± 0.047 . . . . . . 22.402± 0.015 23.744± 0.047
901.0397 23.601± 0.041 . . . 22.398± 0.015 22.429± 0.015 23.783± 0.048
901.7571 23.342± 0.080 23.201± 0.071 22.656± 0.043 22.761± 0.047 23.839± 0.128
901.7804 23.184± 0.061 23.198± 0.061 22.679± 0.038 22.653± 0.038 23.752± 0.101
901.8429 23.305± 0.042 23.453± 0.049 . . . 22.797± 0.027 23.593± 0.055
901.8662 23.369± 0.056 23.706± 0.076 . . . 22.782± 0.033 23.409± 0.058
901.9130 23.456± 0.042 . . . . . . 22.810± 0.024 23.368± 0.039
901.9364 23.492± 0.037 . . . . . . 22.828± 0.021 23.426± 0.035
902.0052 23.689± 0.039 23.845± 0.044 22.716± 0.017 . . . 23.582± 0.035
902.0286 23.630± 0.034 23.978± 0.046 22.710± 0.016 . . . 23.662± 0.035
HJDa R R R R R
900.8367 23.425± 0.054 23.222± 0.045 22.000± 0.015 21.904± 0.014 23.481± 0.056
900.8577 23.451± 0.054 23.193± 0.043 22.054± 0.016 21.948± 0.014 23.460± 0.054
900.9210 23.341± 0.047 23.190± 0.040 22.009± 0.014 21.979± 0.014 23.451± 0.050
901.8102 23.222± 0.070 23.276± 0.073 22.316± 0.031 22.406± 0.034 23.524± 0.092
901.8266 23.216± 0.075 23.302± 0.081 22.225± 0.031 22.386± 0.035 23.216± 0.075
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Table 2—Continued
C2-V66 C2-V67 C2-V68 C2-V69 C2-V70
HJDa V V V V V
899.7859 25.165± 0.231 22.072± 0.015 23.428± 0.047 23.560± 0.053 23.246± 0.041
899.8156 24.630± 0.116 22.054± 0.012 23.363± 0.037 23.317± 0.036 23.252± 0.034
899.8390 24.988± 0.171 22.073± 0.013 23.530± 0.046 23.207± 0.035 23.252± 0.036
899.8623 25.213± 0.160 22.088± 0.010 23.444± 0.032 23.219± 0.026 23.243± 0.027
899.8861 25.623± 0.181 22.091± 0.009 23.529± 0.028 23.277± 0.022 23.327± 0.024
899.9353 25.418± 0.153 22.172± 0.009 23.720± 0.034 23.317± 0.024 23.406± 0.026
900.0157 . . . 22.226± 0.012 23.792± 0.044 23.381± 0.031 23.377± 0.031
900.0390 . . . 22.215± 0.016 23.797± 0.065 23.530± 0.050 23.422± 0.046
900.7897 24.549± 0.128 22.744± 0.025 23.801± 0.066 23.714± 0.061 23.505± 0.051
900.8130 24.452± 0.097 22.684± 0.021 23.845± 0.057 23.758± 0.051 23.526± 0.043
900.8742 24.895± 0.110 22.757± 0.017 23.728± 0.038 23.844± 0.043 23.249± 0.026
900.8975 24.727± 0.089 22.805± 0.016 23.684± 0.035 23.839± 0.040 23.201± 0.023
900.9374 . . . 22.737± 0.022 23.550± 0.044 23.587± 0.045 23.119± 0.031
901.0233 . . . 22.760± 0.020 23.366± 0.034 23.221± 0.030 23.215± 0.030
901.0397 25.738± 0.282 22.845± 0.021 23.340± 0.070 23.219± 0.029 23.156± 0.028
901.7571 25.062± 0.389 22.546± 0.039 . . . 24.065± 0.157 23.418± 0.087
901.7804 . . . 22.510± 0.033 23.601± 0.088 23.775± 0.104 23.452± 0.077
901.8429 . . . 22.340± 0.018 23.721± 0.061 23.780± 0.065 23.723± 0.062
901.8662 . . . 22.262± 0.021 23.874± 0.088 23.694± 0.076 23.562± 0.067
901.9130 . . . 22.098± 0.013 23.807± 0.057 23.757± 0.054 23.565± 0.046
901.9364 24.783± 0.117 22.075± 0.011 23.753± 0.046 23.831± 0.050 23.634± 0.042
902.0052 24.638± 0.090 22.117± 0.010 23.880± 0.046 23.833± 0.044 23.687± 0.039
902.0286 24.840± 0.100 22.151± 0.010 23.820± 0.040 23.822± 0.040 23.636± 0.035
HJDa R R R R R
900.8367 24.493± 0.141 22.419± 0.022 23.687± 0.068 23.412± 0.053 23.134± 0.042
900.8577 24.288± 0.115 22.418± 0.022 23.430± 0.053 23.482± 0.056 22.978± 0.036
900.9210 . . . 22.346± 0.019 23.278± 0.043 23.154± 0.042 22.854± 0.030
901.8102 . . . 22.171± 0.027 23.345± 0.078 23.620± 0.100 23.345± 0.079
901.8266 . . . 22.144± 0.029 23.587± 0.105 23.459± 0.093 23.219± 0.075
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C2-V71 C2-V72 C2-V73 C2-V74 C2-V75
HJDa V V V V V
899.7859 23.305± 0.042 23.188± 0.038 23.531± 0.052 23.840± 0.069 24.327± 0.109
899.8156 23.208± 0.032 23.310± 0.036 23.590± 0.045 23.681± 0.049 24.267± 0.084
899.8390 23.218± 0.034 23.289± 0.037 23.580± 0.048 23.679± 0.052 24.102± 0.077
899.8623 23.136± 0.025 23.442± 0.032 23.510± 0.034 23.715± 0.041 24.186± 0.062
899.8861 23.081± 0.019 23.513± 0.027 . . . 23.827± 0.036 24.087± 0.045
899.9353 22.925± 0.017 23.653± 0.032 23.807± 0.036 23.863± 0.038 23.669± 0.032
900.0157 22.721± 0.017 23.703± 0.040 23.742± 0.042 23.906± 0.049 23.697± 0.041
900.0390 22.635± 0.023 23.688± 0.058 23.813± 0.065 23.877± 0.069 23.839± 0.066
900.7897 23.183± 0.038 23.778± 0.065 23.237± 0.039 23.823± 0.066 24.201± 0.094
900.8130 23.079± 0.028 23.815± 0.055 23.271± 0.033 23.651± 0.047 24.162± 0.076
900.8742 22.926± 0.019 23.336± 0.027 23.363± 0.028 23.462± 0.031 23.560± 0.033
900.8975 22.778± 0.016 23.179± 0.022 23.437± 0.028 23.373± 0.027 23.561± 0.031
900.9374 22.778± 0.022 22.959± 0.026 23.513± 0.042 23.415± 0.039 23.682± 0.049
901.0233 22.732± 0.020 23.176± 0.029 23.654± 0.044 23.568± 0.041 24.016± 0.060
901.0397 22.705± 0.019 23.268± 0.030 23.539± 0.038 23.606± 0.041 24.108± 0.064
901.7571 23.163± 0.068 23.523± 0.095 24.273± 0.188 23.553± 0.097 . . .
901.7804 22.951± 0.049 23.645± 0.091 23.809± 0.106 23.589± 0.087 23.731± 0.099
901.8429 22.780± 0.027 23.710± 0.061 23.531± 0.052 23.690± 0.060 23.705± 0.060
901.8662 22.698± 0.031 23.777± 0.081 23.396± 0.057 23.721± 0.077 23.555± 0.066
901.9130 22.706± 0.022 23.687± 0.051 23.096± 0.030 23.838± 0.059 23.869± 0.060
901.9364 22.706± 0.019 23.666± 0.043 23.160± 0.028 23.763± 0.047 23.921± 0.054
902.0052 22.757± 0.018 23.810± 0.043 23.213± 0.026 23.929± 0.048 24.263± 0.064
902.0286 22.784± 0.017 23.746± 0.038 23.285± 0.025 23.857± 0.042 24.261± 0.060
HJDa R R R R R
900.8367 22.812± 0.031 23.292± 0.048 23.103± 0.040 23.328± 0.049 23.695± 0.068
900.8577 22.706± 0.028 23.233± 0.044 23.133± 0.041 23.217± 0.044 23.496± 0.056
900.9210 22.499± 0.022 22.773± 0.028 23.157± 0.039 23.084± 0.036 23.322± 0.045
901.8102 22.759± 0.046 23.315± 0.076 23.484± 0.088 23.396± 0.082 23.618± 0.100
901.8266 22.537± 0.041 23.447± 0.092 23.313± 0.082 23.477± 0.095 23.328± 0.082
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C2-V76 C2-V77 C2-V78 C2-V79 C2-V80
HJDa V V V V V
899.7859 23.355± 0.044 23.157± 0.038 23.729± 0.062 . . . . . .
899.8156 23.258± 0.034 23.330± 0.036 23.221± 0.033 24.756± 0.130 25.698± 0.309
899.8390 23.117± 0.032 23.404± 0.041 22.820± 0.025 . . . . . .
899.8623 23.156± 0.025 23.464± 0.033 22.822± 0.019 24.819± 0.110 . . .
899.8861 23.168± 0.020 23.580± 0.029 22.874± 0.016 24.828± 0.088 25.445± 0.153
899.9353 23.286± 0.023 23.889± 0.038 23.085± 0.019 25.022± 0.107 25.690± 0.195
900.0157 23.447± 0.033 23.933± 0.050 . . . 25.014± 0.133 25.033± 0.133
900.0390 23.459± 0.047 24.049± 0.081 . . . . . . 24.947± 0.181
900.7897 23.896± 0.072 23.958± 0.076 23.614± 0.056 25.195± 0.234 . . .
900.8130 23.750± 0.052 23.664± 0.048 23.203± 0.032 24.886± 0.144 25.321± 0.214
900.8742 23.828± 0.042 23.847± 0.043 22.815± 0.017 25.167± 0.140 25.638± 0.214
900.8975 23.970± 0.045 23.837± 0.040 22.926± 0.018 25.002± 0.113 25.906± 0.258
900.9374 23.874± 0.058 23.839± 0.056 23.112± 0.030 25.435± 0.240 . . .
901.0233 23.651± 0.044 24.124± 0.067 23.284± 0.032 . . . 25.637± 0.260
901.0397 23.729± 0.045 24.098± 0.064 23.342± 0.032 25.444± 0.214 25.243± 0.178
901.7571 23.347± 0.081 23.916± 0.137 23.874± 0.132 . . . . . .
901.7804 . . . 23.797± 0.105 . . . 25.491± 0.495 . . .
901.8429 23.204± 0.039 23.920± 0.074 . . . . . . 25.306± 0.258
901.8662 23.326± 0.054 24.264± 0.125 . . . . . . . . .
901.9130 23.355± 0.038 24.196± 0.080 . . . 25.495± 0.262 25.385± 0.237
901.9364 23.432± 0.035 24.316± 0.077 23.067± 0.026 25.409± 0.205 25.104± 0.155
902.0052 23.579± 0.035 24.205± 0.061 23.308± 0.028 25.069± 0.133 25.815± 0.261
902.0286 23.727± 0.037 24.290± 0.061 23.325± 0.026 25.189± 0.137 . . .
HJDa R R R R R
900.8367 23.525± 0.059 23.411± 0.052 22.739± 0.029 24.337± 0.121 24.818± 0.191
900.8577 23.547± 0.059 23.626± 0.064 22.624± 0.026 24.213± 0.109 25.498± 0.348
900.9210 23.598± 0.058 23.817± 0.070 22.832± 0.029 24.452± 0.124 25.120± 0.228
901.8102 22.951± 0.055 23.572± 0.096 23.037± 0.059 24.578± 0.240 . . .
901.8266 23.045± 0.064 23.857± 0.134 22.741± 0.049 23.930± 0.143 24.801± 0.317
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C2-V81 C2-V82
HJDa V V
899.7859 24.201± 0.095 23.177± 0.038
899.8156 24.389± 0.094 23.179± 0.031
899.8390 24.232± 0.087 23.316± 0.038
899.8623 24.071± 0.056 23.323± 0.029
899.8861 23.746± 0.033 23.350± 0.024
899.9353 23.482± 0.027 23.489± 0.027
900.0157 23.707± 0.040 23.557± 0.035
900.0390 23.789± 0.064 . . .
900.7897 23.506± 0.051 23.476± 0.048
900.8130 23.537± 0.042 23.523± 0.042
900.8742 23.688± 0.037 23.493± 0.031
900.8975 23.864± 0.041 23.509± 0.030
900.9374 23.843± 0.056 23.616± 0.046
901.0233 24.208± 0.072 23.549± 0.040
901.0397 24.178± 0.068 23.506± 0.037
901.7571 23.629± 0.105 23.798± 0.121
901.7804 23.900± 0.115 23.795± 0.105
901.8429 23.851± 0.069 23.463± 0.049
901.8662 24.064± 0.104 23.708± 0.075
901.9130 24.022± 0.069 23.528± 0.044
901.9364 24.082± 0.062 23.557± 0.039
902.0052 24.250± 0.063 23.109± 0.023
902.0286 24.186± 0.056 23.046± 0.020
HJDa R R
900.8367 23.348± 0.051 23.091± 0.040
900.8577 23.411± 0.052 23.267± 0.046
900.9210 23.521± 0.053 23.259± 0.042
901.8102 23.516± 0.091 23.188± 0.068
901.8266 23.338± 0.083 23.217± 0.075
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Table 3. Variable Stars.
IDa Chip X Y V R P (d) Qb Classc
C1-V01 1 691.71 844.00 25.38± 0.11 25.21± 0.23 0.11± 0.01 2 RR
C1-V02 1 1443.33 2494.99 23.75± 0.06 23.66± 0.10 0.59± 0.02 3 C-FO
C1-V03 1 1561.26 2010.57 25.03± 0.09 24.78± 0.06 0.61± 0.02 3 RRab
C1-V04 1 1663.61 2872.98 24.02± 0.07 23.76± 0.03 0.44± 0.01 2 C
C1-V04 1 1663.61 2872.98 24.18± 0.11 23.76± 0.03 0.86± 0.04 2 C
C1-V05 1 1712.41 3989.46 23.56± 0.09 23.17± 0.12 1.58± 0.21 4 C-FM?
C1-V06 1 1735.66 1215.41 23.44± 0.08 23.27± 0.15 0.61± 0.02 4 C-FO
C1-V07 1 1761.25 2635.05 25.23± 0.13 25.01± 0.03 0.43± 0.01 3 RRc
C1-V08 1 1778.02 2486.54 23.75± 0.08 23.36± 0.02 0.83± 0.04 3 C-FM
C1-V09 1 1836.01 956.66 23.64± 0.06 23.19± 0.08 0.45± 0.01 4 C-FO/SO
C1-V10 1 1923.00 1934.91 23.48± 0.06 23.16± 0.16 0.56± 0.01 2 C
C1-V10 1 1923.00 1934.91 23.56± 0.06 23.15± 0.20 1.13± 0.02 3 C
C2-V01 2 61.12 3722.22 22.97± 0.08 22.67± 0.09 0.85± 0.05 4 C-FO
C2-V02 2 142.80 1760.57 23.52± 0.06 23.30± 0.11 0.65± 0.02 4 C-FO
C2-V03 2 157.58 2897.08 23.67± 0.06 23.43± 0.08 0.60± 0.02 2 C
C2-V03 2 157.58 2897.08 23.72± 0.06 23.40± 0.11 1.17± 0.06 2 C
C2-V04 2 180.87 2063.72 23.14± 0.05 22.94± 0.17 0.35± 0.01 2 C
C2-V04 2 180.87 2063.72 23.23± 0.06 22.97± 0.19 0.53± 0.02 2 C
C2-V05 2 230.94 2618.02 23.61± 0.09 23.19± 0.05 0.54± 0.02 3 C-FO
C2-V06 2 237.06 2014.71 23.60± 0.04 23.40± 0.08 0.68± 0.01 3 C-FO
C2-V07 2 249.07 2033.99 23.68± 0.06 23.28± 0.03 0.43± 0.02 3 C
C2-V07 2 249.07 2033.99 23.75± 0.07 23.29± 0.04 0.87± 0.02 3 C
C2-V08 2 277.29 2951.84 23.08± 0.12 22.76± 0.14 1.70± 9.99d 4 C
C2-V09 2 287.17 2532.65 23.47± 0.10 23.06± 0.07 1.22± 0.18 4 C-FO
C2-V10 2 297.66 1729.13 23.18± 0.07 23.13± 0.04 0.79± 0.04 4 C-FO
C2-V11 2 317.32 2079.96 23.04± 0.08 22.67± 0.05 0.51± 0.01 4 C-SO
C2-V12 2 322.49 3299.65 23.62± 0.14 23.57± 0.05 0.53± 0.03 2 C
C2-V12 2 322.49 3299.65 23.55± 0.23 23.59± 0.04 1.06± 0.04 2 C
C2-V13 2 342.66 2481.67 23.58± 0.04 23.38± 0.11 0.64± 0.01 3 C-FO
C2-V14 2 364.83 3020.08 23.79± 0.05 23.36± 0.08 0.32± 0.01 3 C
C2-V14 2 364.83 3020.08 23.82± 0.06 23.38± 0.09 0.47± 0.02 3 C
– 44 –
Table 3—Continued
IDa Chip X Y V R P (d) Qb Classc
C2-V14 2 364.83 3020.08 23.89± 0.06 23.38± 0.10 0.94± 0.03 3 C
C2-V15 2 392.70 1445.98 23.82± 0.10 23.34± 0.05 0.47± 0.01 3 C-FO
C2-V16 2 444.82 1062.55 23.18± 0.04 23.00± 0.07 0.75± 0.02 4 C-FO
C2-V17 2 452.70 1432.99 23.27± 0.09 23.22± 0.05 1.47± 0.13 4 C-FM
C2-V18 2 475.87 3022.91 23.45± 0.06 23.25± 0.14 0.61± 0.02 4 C-FO
C2-V19 2 495.83 2489.02 23.13± 0.10 22.72± 0.08 0.82± 0.04 3 C-FO
C2-V20 2 498.92 2900.82 23.69± 0.05 23.50± 0.10 0.65± 0.03 3 C-FO
C2-V21 2 501.97 2756.53 23.42± 0.06 23.08± 0.09 0.64± 0.02 3 C
C2-V21 2 501.97 2756.53 23.54± 0.08 23.08± 0.11 1.33± 0.13 3 C
C2-V22 2 533.98 2050.36 22.53± 0.15 22.16± 0.16 1.67± 0.13 4 C-FM
C2-V23 2 543.16 2838.83 23.26± 0.09 23.18± 0.13 1.52± 0.20 3 C-FM
C2-V24 2 557.82 3022.99 23.27± 0.08 22.80± 0.06 0.47± 0.02 3 C-FO/SO
C2-V25 2 564.82 2569.75 22.91± 0.14 22.88± 0.03 1.39± 0.15 3 C-FM
C2-V26 2 569.46 2480.98 23.63± 0.05 23.45± 0.07 0.61± 0.02 3 C-FO
C2-V27 2 576.01 2941.31 23.74± 0.07 23.50± 0.07 0.55± 0.02 4 C-FO
C2-V28 2 580.26 1573.64 23.22± 0.08 23.18± 0.05 0.80± 0.04 3 C-FO
C2-V29 2 588.69 1556.76 23.28± 0.04 23.07± 0.01 0.59± 0.02 3 C-FO
C2-V30 2 597.29 1850.02 23.25± 0.05 23.23± 0.03 0.75± 0.06 3 C-FO
C2-V31 2 597.32 2021.21 23.10± 0.11 22.99± 0.17 1.46± 0.20 4 C-FM
C2-V32 2 610.25 1971.24 23.15± 0.08 22.87± 0.07 0.78± 0.04 4 C-FO
C2-V33 2 619.20 3024.54 24.96± 0.08 24.68± 0.12 0.72± 0.04 2 RR
C2-V34 2 623.99 2424.54 23.39± 0.04 23.16± 0.05 0.68± 0.01 3 C-FO
C2-V35 2 625.81 1618.98 23.85± 0.05 23.59± 0.10 0.39± 0.01 4 C-FO/SO
C2-V36 2 635.97 2072.98 23.92± 0.07 23.50± 0.04 0.52± 0.02 2 C
C2-V36 2 635.97 2072.98 23.87± 0.05 23.49± 0.05 0.34± 0.01 2 C
C2-V37 2 646.88 2654.01 23.16± 0.10 22.74± 0.02 1.28± 0.12 4 C-FM
C2-V38 2 654.39 2694.43 22.71± 0.07 22.42± 0.02 0.47± 0.02 4 C-SO
C2-V39 2 666.37 2974.68 23.05± 0.11 22.88± 0.07 1.69± 0.05 4 C-FM
C2-V40 2 702.00 1343.75 23.55± 0.21 23.45± 0.05 1.17± 0.02 3 C-FM
C2-V41 2 706.34 1509.98 23.38± 0.11 23.26± 0.04 0.87± 0.05 3 C-FM/FO
C2-V42 2 709.10 2136.04 22.17± 0.10 21.96± 0.06 1.73± 0.23 4 C-FO
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IDa Chip X Y V R P (d) Qb Classc
C2-V43 2 728.98 2209.79 22.99± 0.05 22.67± 0.03 1.61± 0.05 4 C-FM
C2-V44 2 743.34 3186.82 23.45± 0.06 23.24± 0.14 0.75± 0.03 4 C-FO
C2-V45 2 758.02 1581.99 23.35± 0.06 23.08± 0.13 0.66± 0.02 3 C-FO
C2-V46 2 768.59 1827.79 23.67± 0.06 23.30± 0.05 0.60± 0.02 3 C-FO
C2-V47 2 773.21 1373.99 23.54± 0.06 23.49± 0.02 1.25± 0.03 4 C-FM
C2-V48 2 801.67 1693.65 23.61± 0.05 23.39± 0.12 0.59± 0.03 3 C-FO
C2-V49 2 807.70 2488.27 23.72± 0.16 23.29± 0.28 0.86± 0.02 3 C-FM
C2-V50 2 818.83 2468.22 23.74± 0.10 23.47± 0.04 0.49± 0.01 4 C-FO
C2-V51 2 824.51 1270.23 23.41± 0.13 23.24± 0.01 0.54± 0.03 3 C-FO
C2-V52 2 850.27 2903.02 23.70± 0.05 23.62± 0.10 0.70± 0.06 2 C
C2-V53 2 879.84 2184.60 23.83± 0.04 23.67± 0.08 0.39± 0.01 2 C
C2-V53 2 879.84 2184.60 23.81± 0.04 23.65± 0.07 0.63± 0.03 2 C
C2-V54 2 886.59 2699.69 23.58± 0.04 23.26± 0.08 0.61± 0.01 4 C-FO
C2-V55 2 896.01 2998.07 23.45± 0.09 23.13± 0.02 0.46± 0.02 3 C
C2-V55 2 896.01 2998.07 23.41± 0.19 23.13± 0.03 0.94± 0.03 3 C
C2-V56 2 911.13 683.76 24.98± 0.09 24.56± 0.07 0.40± 0.02 2 RR
C2-V56 2 911.13 683.76 25.00± 0.07 24.57± 0.08 0.66± 0.04 2 RR
C2-V57 2 921.60 3592.23 23.47± 0.05 23.21± 0.15 0.36± 0.01 3 C
C2-V57 2 921.60 3592.23 23.51± 0.04 23.21± 0.16 0.54± 0.01 3 C
C2-V58 2 940.38 1718.02 22.84± 0.12 22.53± 0.12 1.46± 0.17 3 C-FM
C2-V59 2 964.71 2747.65 23.40± 0.06 23.31± 0.07 0.64± 0.02 4 C-FO
C2-V60 2 987.72 2004.47 23.16± 0.15 22.89± 0.26 1.32± 0.11 4 C-FM
C2-V61 2 995.38 2382.95 23.54± 0.04 23.31± 0.04 0.64± 0.01 4 C-FO
C2-V62 2 1030.01 1635.68 23.62± 0.12 23.21± 0.01 0.47± 0.01 3 C-FO
C2-V63 2 1031.99 1510.28 22.54± 0.13 22.12± 0.07 2.29± 9.99d 3 C
C2-V64 2 1047.48 1842.02 22.52± 0.20 22.14± 0.15 2.01± 9.99d 3 C
C2-V65 2 1057.63 3135.79 23.64± 0.04 23.42± 0.05 0.61± 0.01 3 C-FO
C2-V66 2 1062.41 2604.56 24.94± 0.14 24.39± 0.07 0.36± 0.02 2 RR
C2-V66 2 1062.41 2604.56 25.02± 0.16 24.39± 0.07 0.54± 0.03 2 RR
C2-V67 2 1107.01 1657.93 22.50± 0.10 22.27± 0.06 2.13± 0.06 4 C-FM
C2-V68 2 1135.14 1589.98 23.64± 0.04 23.46± 0.08 0.63± 0.01 3 C-FO
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IDa Chip X Y V R P (d) Qb Classc
C2-V69 2 1146.02 2148.28 23.65± 0.12 23.37± 0.14 1.15± 0.04 3 C-FM
C2-V70 2 1147.09 1590.18 23.39± 0.05 23.10± 0.12 1.47± 0.26 4 C-FM
C2-V71 2 1152.43 1307.52 22.96± 0.13 22.64± 0.11 0.93± 0.02 4 C-FO
C2-V72 2 1177.03 2359.03 23.45± 0.07 23.15± 0.14 0.61± 0.02 4 C-FO
C2-V73 2 1210.49 769.61 23.47± 0.07 23.25± 0.08 0.60± 0.01 3 C
C2-V73 2 1210.49 769.61 23.66± 0.14 23.28± 0.09 1.23± 0.05 3 C
C2-V74 2 1236.99 1834.70 23.66± 0.04 23.31± 0.07 0.67± 0.04 4 C-FO
C2-V75 2 1294.01 1756.03 23.98± 0.08 23.50± 0.12 0.46± 0.01 3 C-FO
C2-V76 2 1327.86 1894.33 23.55± 0.07 23.27± 0.14 0.65± 0.02 4 C-FO
C2-V77 2 1352.80 384.51 23.70± 0.23 23.61± 0.14 0.90± 0.06 4 C-FM
C2-V78 2 1516.13 1461.38 23.31± 0.15 22.88± 0.08 0.50± 0.02 4 C-FO/SO
C2-V79 2 1521.82 2097.56 25.06± 0.10 24.16± 0.15 0.84± 0.07 3 RRab
C2-V80 2 1600.98 1996.23 25.38± 0.10 24.99± 0.11 0.35± 0.02 2 RR
C2-V81 2 1608.14 2434.63 23.89± 0.07 23.37± 0.03 0.44± 0.01 3 C
C2-V81 2 1608.14 2434.63 24.01± 0.07 23.36± 0.02 0.86± 0.03 3 C
C2-V82 2 1909.10 1158.70 23.42± 0.07 23.16± 0.05 0.45± 0.02 3 C-FO/SO
aStars listed multiple times have periods with multiple potential aliases.
bVariable star quality is based on the cleanness of the light curves, uniqueness of the period,
and coherence between V and R light curves, where 4 is highest quality and 0 is lowest quality.
cRR Lyraes classified into subclasses (RRab, RRc, RRd) when possible. Cepheid classifications
(FM = fundamental mode, FO = first overtone, SO = second overtone) made only for objects
with unambiguous periods and quality ratings of 3 or 4.
dUpper limits of the periods of stars C2-V08, C2-V63, and C2-V64 are unconstrained.
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